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    Abstract  
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that are integrated of order zero. The paper proposes a union 

rejection statistic for bounded processes that does not require 

information about the order of integration of the stochastic 

processes. The model specification is general enough to consider 

the existence of structural breaks that can affect either the level of 

the time series and/or the bounds that limit its evolution. Monte 

Carlo simulations indicate that the procedure works well in finite 

samples. An empirical application that focuses on the Swiss franc 

against the euro exchange rate evolution illustrates the usefulness 

of the proposal. 
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Abstract

The paper proposes a sequential statistical procedure to test for the presence of level shifts

a¤ecting bounded time series, regardless of their order of integration. The paper shows that

bounds are relevant for the statistic that assume that the time series are integrated of order

one, whereas they do not a¤ect the limiting distribution of the statistic that is de�ned for

time series that are integrated of order zero. The paper proposes a union rejection statistic

for bounded processes that does not require information about the order of integration of the

stochastic processes. The model speci�cation is general enough to consider the existence of

structural breaks that can a¤ect either the level of the time series and/or the bounds that limit

its evolution. Monte Carlo simulations indicate that the procedure works well in �nite samples.

An empirical application that focuses on the Swiss franc against the euro exchange rate evolution

illustrates the usefulness of the proposal.

Keywords: Structural breaks, bounded processes, changing bounds

JEL codes: C12, C22

1 Introduction

The presence of structural breaks a¤ecting non-trending time series macroeconomic variables is

an interesting issue since evidence on popular economic theories might be a¤ected by unattended

structural breaks. However, the estimation of structural breaks depends on the stochastic properties

of the time series. For model speci�cations in which the recurrent shocks have transitory e¤ects �

i.e., the error term of the model is an integrated of order zero, I(0), stochastic process �consistent

estimates of the break dates can be obtained considering that level shifts have a �xed magnitude.
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However, this is not the case for models speci�cations in which the recurrent shocks have permanent

e¤ects � i.e., the disturbance term is an integrated of order one, I(1), stochastic process. In this

case the magnitude of the level shifts have to be of the same order of magnitude as the stochastic

trend to be asymptotically non-negligible so that the structural break dates can be consistently

estimated.

The analysis is more involved if we realize that some non-trending macroeconomic time se-

ries have the characteristic of being bounded, either by construction, by de�nition or by institu-

tional/political constraints. Variables such as interest rates, unemployment rates, labour partic-

ipation rates, current account over GDP ratio, exchange rates under non-�oating regimes, �ow

volume of rivers, among others, are examples of time series bounded above, below or both. This

feature implies that these time series can not have in�nite support on the real line. As noted by

Granger (2010), if the limitations of a limited process are activated quite often this will bias the

standard test results. In this regard, there are some proposals in the literature that show that the

presence of bounds needs to be considered, for instance, when testing the order of integration using

either standard unit root tests �see Cavaliere (2005a), Carrion-i-Silvestre and Gadea (2013) and

Cavaliere and Xu (2014) �or unit root tests with structural breaks �see Carrion-i-Silvestre and

Gadea (2016) �and when working with fractional integrated stochastic processes �Trokic (2013).

From an empirical point of view, this characteristic is also relevant in analyses that focus on current

account sustainability �see Herwartz and Xu (2008) �mean reversion of exchange rates �Cavaliere

(2005b) �and unemployment rate persistence �see Carrion-i-Silvestre, Gadea and Montañés (2020)

�among others.

To the best of our knowledge, there are no proposals in the literature that speci�cally test for

the presence of structural breaks a¤ecting bounded stochastic processes. The aim of this paper is

to �ll this gap with the design of a robust statistical procedure to detect multiple level shifts for

bounded processes regardless of their order of integration. This is of great importance since, for

instance, knowledge about the presence of structural breaks when assessing the order of integration

of bounded time series is relevant if misleading conclusions are to be avoided �see Perron (1989)

and Carrion-i-Silvestre and Gadea (2016). The approach that is designed in the paper contributes

and extends the robust structural analysis literature powered in Perron and Yabu (2009), Harvey,

Leybourne and Taylor (2010) and Kejriwal and Perron (2010) to bounded stochastic processes. To

be speci�c, the proposal relies on the generalized �uctuation statistics in Harvey, Leybourne and

Taylor (2010), who de�ne statistics that can be easily implemented to detect multiple level shifts

for unbounded time series. The paper shows that the limiting distribution of the generalized �uc-

tuation statistics depends on the bounds when they are computed for bounded I(1) non-stationary

stochastic processes. However, the e¤ect is asymptotically negligible for bounded I(0) stationary

stochastic processes of the type that are considered in the paper. The model speci�cation is �exible

enough to include the possibility of two di¤erent sets of structural breaks, depending on whether

the structural breaks a¤ect either the level and/or the bounds. This adds more complexity to the

analysis, although it increases the ability of the model to accommodate this type of situations that
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might arise in empirical applications. The de�nition of a union rejection statistic is also suggested

in the paper to conduct statistical inference that is robust to the order of integration of the time

series. The presence of structural breaks that a¤ect the bounds turns out to be a crucial feature

for the validity of the union rejection rule. In this case, it is possible to implement a modi�cation

that will restore the implementation of the robust test statistic.

The rest of the paper is organized as follows. Section 2 describes the model and the various

possibilities that can be accounted for when modelling bounded stochastic processes. Section 3

describes the statistics that are used, derives the corresponding limiting distribution, and computes

asymptotic and �nite sample (response-surfaces-based) critical values. Section 4 discusses the

estimation of the long-run variance that is required in the implementation of the statistics. Further,

it derives the limiting distribution of the statistics when the wrong order of integration of the time

series is assumed, which justi�es the implementation of the union rejection rule. Section 5 details

the sequential testing strategy that is suggested to detect multiple level shifts. Section 6 conducts

an extensive simulation experiment to analyse the �nite sample performance of the test statistics

that are proposed. Section 7 provides an empirical illustration that analyses the recent evolution of

the Swiss franc versus euro exchange rate. Finally, Section 8 concludes. The proofs and additional

simulation results are collected in the appendix.

2 The multiple level breaks and breaking bounds model

Let xt be a stochastic process with data generating process (DGP) given by:

xt = �+

mX
i=1

iDUi;t + yt (1)

yt = �yt�1 + ut; (2)

t = 1; : : : ; T , with xt 2
�
bt; bt

�
almost surely for all t, where

�
bt; bt

�
denote the known boundaries,

and y0 = Op (1).1 The bounded integrated of order one (BI(1)) case for xt is implemented setting

� = exp (��=T ) � 1 � �=T , with � � 0 being the non-centrality parameter, so that the model

speci�cation covers both the case in which the time series is a near-bounded-integrated process �

i.e., a NBI(1) process with � > 0 �and a BI(1) non-stationary process �when � = 0. The bounded

integrated of order zero (BI(0)) case for xt is considered setting j�j < 1. The model speci�cation is
general enough to allow for the presence of multiple structural breaks that might act in two areas:

(i) structural breaks that cause level shifts and (ii) structural breaks that change the boundaries�
bt; bt

�
.

The �rst set of structural breaks concerns the deterministic component Dt = �+
Pm
i=1 iDUi;t,

which is de�ned by the step dummy regressors DUi;t = 1
�
t > T 0i

�
, where 1 (�) is the indicator

function, T 0i = b�0iT c is the i-th break date, i = 1; : : : ;m �b�c denotes the integer part ��0i 2 � =
1The model can accommodate the cases of stochastic processes that are only limited below �i.e., xt 2 [bt;1] �or

only limited above �i.e., xt 2
�
�1; bt

�
�but also covers the case of unbounded processes �i.e., xt 2 [�1;1].
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[�; 1� �] is the break fraction parameter, and � is the trimming parameter. The superscript 0 in T 0i
and �0i is used to denote the true break date and break fraction, respectively, i = 1; : : : ;m. It is

worth noting that the assumption of known structural breaks a¤ecting the level is relaxed below.

The changing boundaries can be speci�ed as
�
bt; bt

�
= [bj ; bj ] for �

0
j�1 < t � �0j , where �

0
j ,

j = 1; : : : ; n+1, are the break date that a¤ect the boundaries of the time series, with the convention

that �00 = 0 and �
0
n+1 = T . The corresponding bounds break fractions are labelled as �0j = �0j=T ,

j = 1; : : : ; n, and it is assumed that �01 < � � � < �0n. It is worth stressing that, as in Cavaliere

(2005a) and Cavaliere and Xu (2014), throughout the paper the boundaries
�
bt; bt

�
are assumed to

be known, which implies in turn that if there are structural breaks that a¤ect the bounds, they are

known.2 Consequently, the set of structural breaks that change the boundaries are assumed to be

known.

Note that in general m 6= n and, even if m = n, it might be the case that for i = j, T 0i 6= �0j
for some i; j. From an empirical point of view, this con�guration makes sense since it would be

possible that time series boundaries do not change � for instance, the boundaries that limit the

unemployment rate are de�ned by construction �but the level of the time series might change. This

de�nes a model speci�cation where the structural breaks a¤ect the level, but not the time series

boundaries. However, it would be also possible that the boundaries change at a given point in time

�an example would be the changes in the exchange rate �uctuation boundaries that experienced

some European currencies during the late 90s �which might have also a¤ected the level of the time

series. The combination of these situations de�ne interesting speci�cations for empirical analyses,

which have led the paper to distinguish between two di¤erent cases depending on whether the

bounds remain stable (Case A, n = 0) or they are a¤ected by structural breaks (Case B, n > 0).

The disturbance term ut is de�ned as:

ut = "t + �t � �t; (3)

and satis�es the following assumptions:

Assumption 1: "t = C (L) �t, where C (L) =
P1
j=0CjL

j with
P1
j=0 j

s jCj j <1 for some s � 1,
and �t is a martingale di¤erence sequence adapted to the �ltration Ft = � � field f�t�j ; j � 0g.
The long-run variance (LRV) of "t is given by (a) �21 = limT!1E[T�1(

PT
t=1 "t)

2] = �2�C (1)
2, (b)

�2� = limT!1 T�1
PT
t=1E

�
�2t
�
<1 8t, and (c) E jvrt j <1 for some r > 4.

Assumption 2 : f�tgTt=1and
�
�t
	T
t=1

satisfy restrictions to ensure that maxt=1;:::;T j�tj = op
�
T 1=2

�
and maxt=1;:::;T j�tj = op

�
T 1=2

�
.

Assumption 3 : (bt � Dt) = cj�1T
1=2 + o (1), (bt � Dt) = cj�1T

1=2 + o (1) for �0j�1 < t � �0j ,

j = 1; : : : ; n+ 1, with �00 = 0, �
0
n+1 = T , and cj � 0 � cj , cj 6= cj .

The order of integration of the bounded stochastic process xt � BI (d) is assumed to be either

2Cavaliere and Xu (2014) argue that when a time series is known to be regulated but the bounds are unknown,
it might be possible that �a reasonable range of bounds can be inferred from historical observations and/or from the
relevant economic theory�or from economic policy implemented by institutions �e.g., speci�cation of target values
for some macroeconomic variables. As it has been previously mentioned, this assumption does not need to be imposed
on the structural breaks that change the level of the time series, which can be estimated as described below.
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d = 0 or d = 1, which in turn can be used to de�ne the magnitude of the structural breaks as in

Harvey, Leybourne and Taylor (2010):

i = �iT
d�1=2; (4)

being T d�1=2, d 2 f0; 1g, the Pitman�s drift and j�i j < 1, i = 1; : : : ;m. This implies that the

structural breaks are non-negligible when d = 1, whereas we deal with shrinking structural breaks

when d = 0. In addition, it is also possible to consider the case of structural breaks with �xed

magnitude if we set i = �i . Therefore, there are up to three scenarios depending on the de�nition

of the magnitude of the structural break that is used, all of them considered in the simulation

exercise that assess the �nite sample properties of the proposed statistics.

3 The �uctuation test statistic with bounds

The contribution of the paper is to design a statistical strategy to detect the presence of multiple

level shifts on bounded time series. The null and alternative hypotheses that are speci�ed are given

by: (
H0 : i = 0 8i
H1 : i 6= 0 for some i

;

which can be tested using the generalized �uctuation tests in Harvey, Leybourne and Taylor (2010):

Sd = ��1d T 1=2�dmax
t2�T

������
Pbw2 Tc
j=1 xt+j �

Pbw2 Tc
j=1 xt�j+1�

w
2 T
�

������ ; d 2 f0; 1g ; (5)

�T = T� with � = [�; 1� �]. S0 denotes the test statistic that is computed assuming that xt �
BI (0) and S1 is the statistic that assumes that xt � BI (1) �in the BI (0) case the LRV of ut
is given by �20 = limT!1E[T�1(

PT
t=1 ut)

2] = �2"C (1)
2 = (1� �)2. These �uctuation statistics are

based on the di¤erence between the mean of the
�
w
2 T
�
observations xt+1; : : : ; xt+bw2 Tc and the

mean of the
�
w
2 T
�
observations xt; xt�1; : : : ; xt�bw2 Tc+1, where w is the bandwidth of the window

of observations that are used. The proposal assumes that at most only one potential level shift lay

inside a given window of observations, so that for � < �01 < � � � < �0m < 1 � �, it is required that

j�0i � �0i+1j � w �if desired, we could impose w = �. The limiting distribution of the statistics in

(5) is presented in the following theorem.

Theorem 1 Let fxtgTt=1 the stochastic process with DGP given by (1) to (3). Under the null

hypothesis that there is no structural breaks a¤ecting the level of the time series �i = 0 8i in (1)
�the Sd test statistics, d 2 f0; 1g, given in (5) converge as T !1 to:

(a) For the BI (0) case:

S0 ) sup
�2�

��2w�1 (J� (�+ w=2)� 2J� (�) + J� (�� w=2))�� :
5



(b) For the BI (1) case:

S1 ) sup
�2�j

�����2w�1
 Z �+w=2

�
J
c+j ;�

c+j
(s) ds�

Z �

��w=2
J
c�j ;�

c�j
(s) ds

!����� ; j = 1; : : : ; n+ 1;

where ) denotes weak convergence to the associated measure of probability, � = t=T , �j =

(�j�1; �j ], j = 1; : : : ; n + 1, �0 = �, �n+1 = 1 � �, J� (�) is a standard Ornstein-Uhlenbeck (OU)

process, and J
c+j ;�

c+j
(�) and J

c�j ;�

c�j
(�) are standard regulated OU processes.

The proof is given in the appendix. There are some interesting features that deserve attention.

First, the limiting distribution of S0 does not depend on the bounds, so that in the limit we can use

the standard critical values obtained in Harvey, Leybourne and Taylor (2010). Second, the limiting

distribution of S1 depends on the bounds [cj ; cj ], j = 1; : : : ; n + 1 �i.e., it depends both on the

number and position of the structural breaks a¤ecting the bounds, as well as on the value of the

bounds. The case of stable bounds (n = 0) is covered if [cj ; cj ] = [c; c] 8j. Note that for n > 0, it
might be the case that, for observations next to the border that is de�ned between two consecutive

bounds regimes, some observations of the right-half window �i.e., xt+1; : : : ; xt+bw2 Tc �might end
up on one of the bounds-de�ned-regimes and/or some observations of the left-half window �i.e.,

xt�1; : : : ; xt�bw2 Tc+1 �might end up on the other bounds-de�ned-regime. This implies that J
cj ;�
cj (�)

will be (partially) limited by di¤erent bounds for values of � next to �j . In order to highlight this

issue, we have included the superscripts �=+ in the notation of Jcj ;�cj (�). It should be understood

that when � is not close to the extremes of �j , then c+j = c�j = cj and c+j = c�j = cj . Finally, the

limiting distribution of both statistics depends on the bandwidth (w) of the window that speci�es

the amount of observations that is used.

Harvey, Leybourne and Taylor (2010) proposed also the use of a union of rejection statistic to

obtain robust conclusions regarding of the order of integration of the time series. The union of

rejections decision rule establishes that:

U : Reject H0 if max

(
S1;

 
cv1� (c; c)

cv0�

!
S0

)
> �� (c; c) cv

1
� (c; c) ; (6)

c =
�
c1; : : : ; cn+1

�
and c = (c1; : : : ; cn+1), where cv1� (c; c) and cv

0
� are the critical values of S1 and

S0 statistics, respectively, at the � level of signi�cance, and �� (c; c) is a positive scaling constant

whose role is to avoid any size distortions of the S1 and S0 statistics due to the violation of the

order of integration that is assumed in each case �henceforth, the union test statistic is denoted

as SU . Note that we use cv1� (c; c) and �� (c; c) in (6) to stress the idea that the critical values that

are used for the S1 statistic depends on the bounds, so does the value of �� (c; c).

The asymptotic critical values for S1, S0 and the value of the constant �� (c; c) for the symmet-

ric bounds case are computed by Monte Carlo simulations using 1,000 steps to approximate the

Brownian motions involved in the limiting distributions and 10,000 replications. The simulation

considers the pair of values [c; c] given by �c = c 2 f0:1, 0:2, 0:3, 0:4, 0:5, 0:6, 0:7, 0:8, 0:9, 1, 1:5g
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and uses the algorithm in Cavaliere (2005a). Although the limiting distribution of the S0 statistic

does not depend on the bounds and the critical values computed in Harvey, Leybourne and Taylor

(2010) apply, it might be the case that bounds that de�ne a tiny range of variation might have

some e¤ects on the computation of the critical values, since they might be de�ning path-divergent

Brownian motions. This is the reason why critical values for S0 are also computed.

The �rst panel of Table 1 reports the asymptotic critical values for the Sd statistics, d 2 f0; 1g
and the �� (c; c) constant at the 5% level of signi�cance for n = 0 (Case A) with w 2 f0:1; 0:3g.
As suggested by the theory, the asymptotic critical values for S0 do not depend on the bounds.

Although there is a small di¤erence between the critical values computed for c = 0:1 and the other

values for c, this di¤erence might be due to the path-controlled divergence that imposes small values

of the bounds. In addition, the di¤erence is small when compared to the critical values computed

by Harvey, Leybourne and Taylor (2010) for unlimited time series �for instance, 23.4 (12.392) in

Table 1 of Harvey, Leybourne and Taylor (2010) versus 22.8337 (12.3046) in Table 1 for w = 0:1

(0:3). The e¤ect of [c; c] on the asymptotic critical values for the S1 statistic depends on the range

of �uctuation de�ned by [c; c]. The asymptotic critical values do not change signi�cantly when the

range of �uctuation is wide, although this is not the case for narrower ranges. Note that these

features are found regardless of w. Finally, it is worth pointing out that we have also estimated

response surfaces to approximate the �nite sample critical values at the 1, 2.5, 5 and 10% levels

of signi�cance for the Sd statistics, d 2 f0; 1g and the �� (c; c) constant for the symmetric bounds
case when n = 0 �see Tables B.1 to B.3 in the companion appendix.3

The second panel of Table 1 presents asymptotic critical values for the Sd statistics, d 2 f0; 1g
and the �� (c; c) constant at the 5% level of signi�cance for Case B allowing for one structural

break (n = 1) with � = 0:5 and w 2 f0:1; 0:3g. The potential combinations of number of structural
breaks, break locations, values of bounds, direction of the change a¤ecting the bounds and the

bandwidth of the window have led us to report a small set of critical values for this case with an

illustrative purpose. As for Case A, the critical values for S0 do not depend on the bounds in the

limit, which is not the case for S1 and �� (c; c). A Matlab program to compute the critical values

for any desired combination of parameters, for both Cases A and B, is available upon request.

4 Estimation of the long-run variance

The computation of the statistics de�ned above requires a consistent estimator of the long-run

variance. Harvey, Leybourne and Taylor (2010) suggest a parametric estimation procedure which

implementation relies on two important features. First, the equations that are used to estimate

the long-run variance depends on the order of integration that is assumed for the time series.

Second, the estimation procedure considers the maximum number of potential structural breaks

that admits the trimming parameter and the window bandwidth that are speci�ed �i.e., mmax =

1 + b((1� �)� �) =wc. Allowing for the maximum number of structural breaks avoids obtaining
3The response surfaces can also be used for the statistics in Harvey, Leybourne and Taylor (2010) for unbounded

time series if an arbitrarily large value for the bounds is speci�ed.
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a biased long-run variance estimate due to unaccounted breaks when performing the (sequential)

testing procedure that is described below.

Conditional on mmax, the break locations are obtained from the ordinary least square (OLS)

estimation of the model in (1) in �rst di¤erences:

�xt =

mmaxX
i=1

�iD (Ti)t + vt t = 2; : : : ; T; (7)

with D (Ti)t = 1 for t = Ti+1 and 0 otherwise, i = 1; : : : ;mmax, and estimate the break dates as the

argument that minimizes the sum of squared residuals (SSR) of the model in (7) over all possible

combinations of mmax break dates �the estimated break dates are denoted as T̂B;mmax = (T̂1; T̂2;

: : : ; T̂mmax)
0, with �̂B;mmax = T̂B;mmax=T . Harvey, Leybourne and Taylor (2010) show that this

procedure provides consistent estimates of the break fraction parameters i¤ i = �iT
1=2. For

coherence and as far as for the LRV estimation is concerned, the vector of estimated break dates

T̂B;mmax is used in the estimation of the LRV regardless of the assumed d.

For the S1 statistic, the residuals of (7) are used to estimate the augmented Dickey-Fuller (ADF)

type regression equation:

�v̂t = �v̂t�1 +
k�1X
j=1

 j�v̂t�j + et; (8)

t = k + 2; : : : ; T , with �̂2e = (T � 2k � 1)�1
PT
t=k+2 ê

2
t and k selected so that it satis�es that as

T ! 1, 1=k + k3=T ! 0 �Harvey, Leybourne and Taylor (2010) suggest using the Bayesian

information criterion (BIC) to choose k, although other criteria such as the modi�ed information

criteria in Ng and Perron (2001) and Perron and Qu (2008) might be applied. A consistent estimate

of the long-run variance is obtained as �̂21 = �̂2e=�̂
2, where the subscript indicates that it has been

assumed that xt � I (1).

The estimation of the long-run variance for the S0 statistic starts with the OLS estimation of:

yt = �+

mmaxX
i=1

iDUi;t + ut t = 1; : : : ; T; (9)

which residuals are in turn used to estimate a Perron�s ADF-type regression equation:

�ût = �ût�1 +
k�1X
j=1

 j�ût�j +
mmaxX
i=1

k�1X
j=0

 i;jD(T̂i)t�j + et t = k + 1; : : : ; T: (10)

A consistent estimator of long-run variance is then given by �̂20 = �̂2e=�̂
2 with �̂2e = (T � (2+mmax)

k)�1
PT
t=k+1 ê

2
t .

In practice, the order of integration of the time series is not known a priori, so that it would

be interesting to derive the expressions towards which each statistic converge in the limit when the

wrong order of integration is assumed. This analysis is conducted in the following lemma.
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Lemma 1 Let fxtgTt=1 the stochastic process with DGP given by (1) to (3). Under the null hypoth-
esis that there is no structural breaks a¤ecting the level of the time series �i = 0 8i in (1) �the
Sd test statistics, d 2 f0; 1g, given in (5) computed under a wrong order of integration assumption
converge as T !1 to:

(a) When xt � BI (1):

S0 )
sup�2�j

����2w�1�R �+w=2� J
c+j ;�

c+j
(s) ds�

R �
��w=2 J

c�j ;�

c�j
(s) ds

�����
Q1=2(�; c; c; w; �̂B;mmax)

; j = 1; : : : ; n+ 1;

where Q(�; c; c; w; �̂B;mmax) is a function of standard regulated OU processes and break fractions

de�ned in the appendix.

(b) When xt � BI (0):

S1 = Op
�
kT�1

�
:

The proof is outlined in the appendix. As can be seen, S1 converges towards zero when xt �
BI (0), so that the empirical size of S1 is under control regardless of d. The case of S0 is more

interesting since the limiting distribution of S0 is bounded when xt � BI (1) � note that the

numerator of the limiting distribution coincides with the limiting distribution of the S1 statistic

when xt � BI (1). Simulations available upon request show that the percentiles of the limiting

distribution of S0 when xt � BI (1) with constant bounds (Case A) are smaller or similar to the

ones obtained for S0 when xt � BI (0). Therefore, the empirical size of S0 for Case A is also under

control regardless of d. The features shown S0 and S1 for Case A when the wrong d is assumed

motivate the use of the union statistic as a way to obtain robust conclusions about the presence of

level shifts for bounded stochastic processes, regardless of d.

The picture changes for Case B, since, in general, the percentiles of S0 when xt � BI (1) might

be larger than the ones that are obtained when xt � BI (0), which increase with �j = jcj � cj�1j,
j = 2; : : : ; n+1. This would invalidate the strategy in which the union statistic is based on since the

empirical size of S0 would not be under control when xt � BI (1). Intuitively, the changing bounds

might lead S0 to detect false level shifts when xt � BI (1). To illustrate this issue, let us suppose

that there is one change in the (symmetric) bounds at time �01 so that � = jc2 � c1j > 0, with � =
m = 0 and � = 1 in (1) and (2). Under this situation, it might be the case that x�01 equals the upper

limit de�ned by the boundaries of the �rst regime �i.e., x�01 = �1T
1=2c1 �and that x�01+1 equals the

lower limit de�ned by the boundaries of the second regime �i.e., x�01+1 = ��1T
1=2c2. Therefore,

the change that might be observed between the two regimes would be of magnitude ��1T 1=2c2 �
�1T

1=2c1 = ��1T 1=2 (c2 + c1) = ��1T 1=2 ((c1 + �) + c1) = ��1T 1=2 (2c1 + �). Conversely, it might
be the case that x�01 = ��1T

1=2c1 and x�01+1 = �1T
1=2c2, so that the change that might be observed

between the two regimes is �1T 1=2c2 + �1T
1=2c1 = �1T

1=2 (c2 + c1) = �1T
1=2 ((c1 + �) + c1) =

�1T
1=2 (2c1 + �). Consequently, the apparent change that might experience the time series between

the two consecutive regimes lay inside the set �1T 1=2 [� j2c1 + �j ; j2c1 + �j]. This implies that

xt � BI (1) at t near �01 might be stuck on either the lower or upper limit, on either regime, for a
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su¢ cient number of periods so that S0 would detect a false level shift. This situation is investigated

in the simulations section.

To alleviate the consequences of this phenomenon, we suggest the computation of S0 and S1 in

(5) but with xt replaced by x̂t, where x̂t denotes the demeaned time series that is obtained when

xt is projected against a constant and the set of dummy variables DUj;t = 1
�
t > �0j

�
, j = 1; : : : ; n.

This modi�cation does not apply to the estimation procedure of the long-run variance estimation

described above. This procedure de�nes the modi�ed S0, S1 and SU statistics, which are denoted

as S�0 , S
�
1 and S

�
U . The limiting distribution of S

�
0 and S

�
1 is derived in the following lemma.

Lemma 2 Let fxtgTt=1 the stochastic process with DGP given by (1) to (3). Under the null hy-
pothesis that there is no structural breaks a¤ecting the level of the time series �i = 0 8i in (1) �
the S�d test statistics, d 2 f0; 1g, converge as T !1 to:

(a) For the BI (0) case:

S�0 ) sup
�2�j

��2w�1 (V � (�+ w=2)� 2V � (�) + V � (�� w=2))�� ;
where V � (�) = J� (�)� J�(�0j�1)� (�� �0j�1)=(�0j � �0j�1)(J�(�0j )� J�(�0j�1)), j = 1; : : : ; n+ 1.
(b) For the BI (1) case:

S�1 ) sup
�2�j

�����2w�1
 Z �+w=2

�
W
c+j ;�

c+j
(s) ds�

Z �

��w=2
W
c�j ;�

c�j
(s) ds

!����� ;
whereW

c+j ;�

c+j
(s) = Jc;�c (s)�

R �0j�1
0 Jc;�c (u) du�(s��0j�1)=(�0j��0j�1)

R �0j
�0j�1

Jc;�c (u) du, j = 1; : : : ; n+

1.

The proof is given in the appendix. The limiting distribution of S�0 and S
�
1 involves the projected

OU stochastic processes onto the space spanned by (1; 1(r > �01); : : : ; 1(r > �0n)) so that misleading

signals of level shifts that might be induced by the changing bounds are removed. It is to be

expected that this modi�cation comes at the cost of power reductions if there are true level shifts

that exactly coincide with the change in the bounds. The asymptotic critical values at the 5%

signi�cance level for S�0 and S
�
1 , as well as, �

�
� (c; c) for a small set of parameter combinations are

reported in the third panel of Table 1.

5 The sequential testing strategy

In practice neither the number nor the position of the structural breaks a¤ecting the level of the

time series might be to be known a priori. To address this issue, Harvey, Leybourne and Taylor

(2010) design an iterative estimation procedure that allows the estimation of both elements. Let us

centre the discussion on the S1 statistic, although the strategy is similar for the other statistics that

have been proposed. The �rst stage consists of testing the null hypothesis of no structural break
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(no level shift) against one structural break (one level shift), considering all time observations

t = 1; : : : ; T . If we denote by cv1� (c; c) the critical value at the �% signi�cance level, evidence

against the null hypothesis is found if maxt2�T S1;t;bwT c > cv1� (c; c). On the contrary, the null of

no structural break is not rejected if maxt2�T S1;t;bwT c � cv1� (c; c). In the former case, the �rst

break date is estimated as:
~T1 = argmax

t2�T
S1;t;bwT c > cv1� (c; c) :

Although theoretical limits bt and bt are assumed to be known, in practice we need to estimate

[cj ; cj ] using: �
ĉj ; ĉj

�
=

"
bt � D̂t
�̂1T 1=2

;
bt � D̂t
�̂1T 1=2

#
�0j�1 < t � �0j ; (11)

j = 1; : : : ; n+1 which, besides the long-run variance
�
�21
�
that can be estimated as described above,

it requires an estimation of the deterministic component (Dt). Following Cavaliere and Xu (2014),

Dt is estimated under the null hypothesis of unit root so that, at this initial stage, D̂t = x0. This

de�nes
�
ĉ; ĉ
�
and the corresponding critical value cv1�

�
ĉ; ĉ
�
that is used to conduct the statistical

inference.

The second stage proceeds with the de�nition of an exclusion area of searching for potential

additional breaks given by the set �1;T =
h
~T1 � bwT c+ 1; ~T1 + bwT c+ 1

i
, so that the sequential

testing procedure looks for an additional break in the range of observations t = 1; 2; 3; : : : ; ~T1 �
bwT c ; ~T1+bwT c+2; : : : ; T �i.e., the eligible break dates are inside the set t 2 �T ��1;T . Evidence
against the null hypothesis of an additional structural break is found whenmaxt2�T��1;T S1;t;bwT c >

cv1�
�
ĉ; ĉ
�
and the estimated break date is obtained as:

~T2 = arg max
t2�T��1;T

S1;t;bwT c > cv1�
�
ĉ; ĉ
�
:

As above, Dt is estimated under the null hypothesis of unit root so that, in this second stage,

D̂t = x0 + �̂1DUt where �̂1 are the OLS estimates of �1 in (7) with one structural break placed

at ~T1. This de�nes a new set of estimates
�
ĉ; ĉ
�
�this continuous updating is a characteristic of

each sequential step �so that the corresponding critical value cv1�
�
ĉ; ĉ
�
that is used to conduct the

statistical inference at the second stage might be di¤erent from the ones used in the �rst stage.

The procedure continues until we �nd that maxt2�T��1;T��2;T�����m;T S1;t;bwT c � cv1�
�
ĉ; ĉ
�
, in

which case the null hypothesis of no (additional) structural break is not rejected. Note that now

D̂t = x0+
Pm
i=1 �̂iDUt where �̂i are the OLS estimates of �i in (7) with m structural breaks located

at ( ~T1; ~T2; : : : ; ~Tm). The estimated number of structural breaks from the use of the S1 statistic is

denoted by ~m1.

A similar approach can be applied using the S0 statistic and obtain ~m0 structural breaks. In

general, ~m1 has not to be equal to ~m0. If ~m1 � ~m0, the ~m0 breaks are simply a subset of the ~m1

breaks. Similarly, if ~m0 � ~m1, the ~m1 breaks are simply a subset of the ~m0 breaks. If ~m1 = ~m0,

both sets of break locations are identical. Note that the number of breaks that is estimated with
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the SU statistic will simply be ~m1 = max ( ~m1; ~m0). Finally, the same sequential testing procedure

applies to the modi�ed statistics S�0 , S
�
1 and S

�
U , which will deliver ~m

�
0 and ~m

�
1. A Matlab code is

available upon request to implement the whole statistical inference that is proposed in this paper.

6 Finite sample performance

In this section we investigate the empirical size and power of the statistics that have been proposed

in the paper. The DGP is given by (1) to (3), where xt 2
�
bt; bt

�
and "t � iid N (0; 1). The

deterministic component is speci�ed as:

Dt = �+
mX
i=1

iDUi;t; (12)

with � = 0 and three di¤erent ways of de�ning the break magnitude depending on whether i varies

with T �i.e., i = �T d�1=2, � 2 f1; 5; 10g, d 2 f0; 1g �or is �xed �i = �. The simulation

experiment considers up to four structural breaks, m 2 f1; 2; 3; 4g. When m = 1 the level shift

is located at �0 = 0:5, whereas �0 = (0:3; 0:7)0 for m = 2, �0 = (0:25; 0:5; 0:75)0 for m = 3,

and �0 = (0:2; 0:4; 0:6; 0:8)0 for m = 4. In all cases, di¤erent values of the window parameter are

essayed setting w 2 f0:1; 0:15; 0:2; 0:25; 0:3g, although some of these values are incompatible with
the assumption that there can be only one break inside the window �for instance, when w = 0:3

the maximum number of structural breaks that satisfy the requirements is three, so that we are

clearly violating the assumption that, at most, there is one structural break inside the window for

m = 4. The lower and upper bounds are de�ned in a general way as:

[(b�Dt)T�1=2;
�
b�Dt

�
T�1=2] =

�
cj ; cj

�
for �0j�1 < t � �0j ; j = 1; : : : ; n+ 1; (13)

with �00 = 0, �0j = �0jT and �0n+1 = T , j = 1; : : : ; n, and are estimated following the procedure

described above, unless otherwise indicated. The simulations consider Cases A and B, dealing with

xt � BI (1) �by setting � = 1 in (2) �and with xt � BI (0) �for which � 2 f0:95; 0:9; 0:7; 0:5g in
(2). Throughout this section the value of k used in the estimation of parametric long-run variance

in (8) and (10) is based on the modi�ed Akaike�s information criterion (AIC) proposed in Ng and

Perron (2001) and Perron and Qu (2007) with a maximum of b4 (T=100)1=4c lags. Further, the
break dates of the level shifts and the values of the bounds are estimated as described in Section

5. The sample sizes are T 2 f50; 150; 300g, 1,000 replications are conducted using Matlab, and the
nominal size is set at the 5% level of signi�cance.

6.1 Case A. Constant bounds

The set of bound values that is used in this section is given by [c; c], �c = c 2 f0:3, 0:5, 0:8, 1, 1:5g.
The empirical size of no structural breaks implies i = 0 8i in (12), whereas the empirical power
is assessed allowing for up to four unknown structural break as described above. Throughout this
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section, the simulations use the �nite sample critical values that are obtained from the estimated

response surfaces.

Table 2 presents the empirical size of the three statistics for the combination of c and w para-

meters. In general, the empirical size is under control when the assumption concerning the order

of integration of the stochastic process is met for the respective Sd, d 2 f0; 1g, statistics. However,
it is worth noting that under-rejection distortions are observed for S1, especially when c = 0:3.

In general, the empirical size tends towards the nominal one as T increases for a given c. These

under-rejection distortions disappear if we assume known c �these results are available in the com-

panion appendix. Similar features are found for S0 when j�j < 1, with the empirical size being

smaller than the nominal one. Notwithstanding, in this case the mild under-size distortions do not

disappear when c is assumed to be known.

Let us now focus on the situation in which the order of integration of the time series does not

match the one assumed by the Sd, d 2 f0; 1g, statistics. As predicted by the theory, S1 becomes
very conservative, with a rejection rate that tends to zero as T increases. The rejection rate of S0
is bounded with values that are slightly larger than the assumed nominal size. These are desirable

features since in this case the assumed d is wrong. Consequently, incorrect d does not seem to cause

too much harm on Sd, d 2 f0; 1g, which in turn de�nes the basis for the computation of the union
statistic de�ned above. As can be seen, the empirical size of SU is close (� = 1) or below (j�j < 1)
the nominal size as T increases, regardless of c.

In all, the empirical size of the statistics tends towards the nominal one as T increases when

the assumed d is correct, and the rejection rates tend either to zero (S1) or take values around 5%

(S0) when the wrong d is imposed. Note that these results hold especially for values of w = 0:1 and

w = 0:15, which coincide with the recommended values in Harvey, Leybourne and Taylor (2010).

Table 3 collects the empirical power that is based on a T -increasing break magnitude (i =

�T 1=2) for the one structural break case (m = 1). The discussion centres on the results that

specify w = 0:15, since similar conclusions are reached for other values of w �see the companion

appendix. The statistics show non-negligible power when the experiment setup matches the the-

oretical requirements that impose each statistic. Some remarks are in order. First, the empirical

power of S1 reduces as c increases for a given T when i = T 1=2 and � = 1, which indicates that

the break date is easier to detect for narrow ranges. This is not surprising since in this case a

small value of � represents a big e¤ect on time series bounded by small c�s. Notwithstanding, the

empirical power tends to one as � increases, regardless of c. Second, the empirical power of S0
reduces as c increases for a given value of T when i = T 1=2 and � is close to one, although S0
shows good power for large T . As � moves away from one, the power tends to one as T increases,

regardless of c. For values of � > 1 the empirical power of S0 equals one in all cases. Third, it is

worth noting that both S1 and S0 retain some ability to detect the presence of a level shift under

the wrong assumption of d �the minimum value of 0.042 is achieved for the S1 when � = 0:5,

c = 1:5 and T = 300. Finally, the empirical power of SU is very good in all cases, with a minimum

value of 0.62 that is found when � = 1, � = 1, c = 1:5 and T = 50. This indicates that SU
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leads to robust conclusions concerning the presence of level shifts. Simulation results for up to four

structural breaks are qualitatively similar (if not better), so that they are not reported here to save

space �see the companion appendix for further details.

The empirical power analysis for the shrinking break magnitude
�
i = �T�1=2

�
setup is sum-

marized in Table 4 for m = 1 and w = 0:15. As can be seen, the rejection rates of S1 tend either

to the nominal size (� = 1) or to zero (j�j < 1), since in this case the level shift is asymptotically
negligible. Similarly, S0 shows a limited ability to detect the level shift for small T , with rejection

rates that approaches the nominal size as T increases. This behaviour is replicated by SU . These

results are somewhat to be expected, since the e¤ect of the structural break disappears in the limit

�the same outcome is obtained if we allow for additional shrinking structural breaks.

Table 5 reports the empirical power for the �xed break magnitude (i = �) case with m = 1

and w = 0:15. Not surprisingly, when � = 1 the power tends to the nominal size as T increases

given the small magnitude of the level shift. As � increases, the power of the statistics increases,

showing qualitatively similar features as the ones discussed above for the i = �T 1=2 case. It

should be born in mind that in this setup the break magnitude is asymptotically negligible for S1
when � = 1, which explains the lower power values that are found when � = 1 compared to the

ones obtained when i = �T 1=2. The SU statistic has non-negligible power, which suggests its use

in empirical applications to attain robust conclusions about the presence of level shifts in bounded

stochastic processes.

The speci�cation of m > 1 structural breaks leads to an improvement of the empirical power of

the statistics in those cases where the level shifts are more di¢ cult to detect �i.e., when � = 1; see

the companion appendix for further details. However, it is interesting to analyse the case in which

there are some structural breaks that are not possible to detect due to the de�nition of w. These

situations appear, for instance, when w = 0:3 and m 2 f3; 4g with the locations de�ned above �
the results are presented in the companion appendix. When i = �T 1=2, S1 shows good power,

whereas the rejection rates for the S0 statistic are virtually zero. There is not a clear pattern for

SU . In general and when � = 1, the power of SU increases with T and �, on the one hand, but

decreases with c, on the other hand. When � < 1, the power decreases with T as � increases,

reaching values around 0.5. For the shrinking breaks case, the rejection rates tend to the nominal

size when the correct order of integration is assumed, and either tend to zero (S1) or take values

around the nominal size (S0) otherwise. The SU statistic lies in between, with power �gures that

are slightly below the S0 ones. Finally, for the �xed break magnitudes case, S1 shows good power

with values that resemble the ones obtained for m 2 f1; 2g with w = 0:3, situations in which

the detection of the structural breaks is feasible. The power of S0 decreases towards zero as the

magnitude of the structural break increases, which evidences the e¤ect of unattended structural

breaks. This misspeci�cation error is also evident on the performance of SU , with power values

that decrease as �, c and T increase.

The simulation experiment has also focused on the performance of the sequential testing strategy

to estimate the number of structural breaks. For the i = �T 1=2 case, results available upon request
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evidence that SU the frequency of correct estimation of m tends to one as � and T increase for

a given c. For the shrinking break magnitude case, SU points towards the absence of structural

breaks in most cases as T increases, which is to be expected given the asymptotically negligible

e¤ect of the structural breaks. Finally, for the �xed magnitude structural breaks case, the ability

of SU to estimate m depends on � and �. Thus, when � = 1 the impact of the structural breaks

disappears in the limit, and SU tends to select m = 0 in most cases. However, as � moves away

from one, the frequency of correct detection of the number of structural breaks approaches one as

� and T increase.

6.2 Case B. Breaking bounds

This section illustrates the �nite sample performance of the statistics when there is a known struc-

tural break that a¤ect the bounds. In order to rely on a manageable framework, [c; c] are assumed

to be known. Relaxing this assumption would imply the computation of critical values for each set

of [c; c] for S1 on each replication of the simulation experiment. Consequently, the �nite sample

critical values that assume known [c; c] are used throughout this section. The DGP is de�ned as

above but with one bounds structural break at �0 = 0:5, with two sets of bounds regimes de�ned

as �c = c 2 f(0:3; 0:5); (0:5; 1)g.
In general, the empirical size analysis o¤ers similar features regardless of c. Table 6 evidences

that the empirical size of S1 is close to the nominal one when the correct d is assumed regardless of

T . The S0 statistic tends to over-reject for high persistent processes when T = 50, although these

size distortions disappear as T increases, leading towards a mildly conservative statistic. When the

wrong d is assumed, the rejection rates of S1 tends to zero, as predicted by the theory. However, in

most cases the rejection rates of S0 are larger than 5%, which generates a worrisome situation. Thus

and although they reduce as T increases for a given w, the rejection rates of S0 for the c = (0:5; 1)

case are large enough to pose in doubt the use of the union statistic. Hopefully, note that values

near 5% are reached for the combination of c = (0:3; 0:5), w = 0:1 and T = 300. This illustrates the

discussion raised above regarding the spurious detection of level shifts by S0 when xt � BI (1) with

changing bounds, since the increase of the variation range might lead to conclude on the presence

of non-existent level shifts. This problem is more evident as the range of variation increases. The

computation of the modi�ed statistic S�0 implies important reductions on the rejection rates when

xt � BI (1), without minimum e¤ects on the empirical size that is obtained when xt � BI (0),

especially when w = 0:1 or w = 0:15.

Table 7 o¤ers the empirical power of the original and modi�ed statistics when the break

magnitude is de�ned by i = �T 1=2, � 2 f1; 5g, with m = 1 structural break placed at

� 2 f0:25; 0:5; 0:75g, w = 0:15 and � 2 f1; 0:95g � results for � = 10 and for other values of

w and � are available upon request. The statistics S0, S1 and SU show good power, with values

that increase with T and � regardless of �. Notwithstanding, the empirical power for � = 1

decreases as c moves from (0:3; 0:5) to (0:5; 1), although this feature disappears for � = 5 and

� = 10. Interestingly, the modi�ed statistics show better power than the original ones, except
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when � = 0:5. This result is not surprising since we have to bear in mind that in this case both

the change in the level and in the bounds occurs at the same time, and the modi�cation simply

removes the real level shift. Consequently, the power �gures that are obtained here approach the

nominal size. Finally, it is observed that, for a given � and T values, the empirical power of the

modi�ed statistics is slightly higher for � = 0:25 than for � = 0:75. This is due to the relative

magnitude of the structural break over the range of variation, since in the �rst bounds regime the

e¤ect of the structural break is more noticeable than in the second bounds regime.

The empirical power of the statistics for the shrinking break case decreases with T and increases

with � �see Table 8. This is to be expected since in the limit the structural break e¤ect disappears.

The modi�ed statistics are more powerful than the original ones, except for � = 0:5. As above, we

realize that for a given � and T values, the empirical power of the modi�ed statistics is higher for

� = 0:25 than for � = 0:75, which is related to the relative impact of the structural break compared

to the range of variation of the di¤erent regimes. Finally, it is worth highlighting that S0 and all

modi�ed statistics retain some power ability when � = 1.

The last scenario that is investigated is based on structural breaks with a �xed magnitude. Table

9 indicates that for a given T , � and c combination values, the empirical power of all statistics

increase as � increases �with the obvious exception of the modi�ed statistics when � = 0:5. For

a given �, the empirical power is lower for c = (0:3; 0:5) than for c = (0:5; 1), a situation that is

a consequence of the relative importance of � over the range of variation de�ned by each set of

c values. Finally, although for a given combination of � and c values the empirical power of S0
and S�0 reduces as T increases when � = 0:95, it approaches to one for lower values of � �see the

companion appendix for the results that uses � 2 f0:7; 0:5g.

7 Empirical illustration. The recent story of the Swiss franc

The recent evolution of the exchange rate of the Swiss franc (CHF) against the euro (EUR) serves

to illustrate the e¤ect of bounds on the detection of structural changes in time series. In this case,

there are no de�ned boundaries except for the fact that the exchange rate cannot take negative

values. However, there are forces that have constrained the evolution of the exchange rate.

The Swiss franc has traditionally been one of the so-called safe-haven currencies with low po-

litical and in�ation risk, used by investors in times of �nancial or foreign exchange market turmoil.

This occurred when the global �nancial crisis, that began in the United States in 2008, hit the

developed world and, in a second round, the countries of the euro zone provoking the sovereign

debt crisis that even endangered the survival of the euro. In this scenario, the CHF/EUR exchange

rate passed from 1.65 to 1.11 between December 2007 and August 2011. This appreciation, and its

negative consequences on Swiss exports, tried to be contained by the Swiss National Bank (SNB),

which began to intervene heavily in the currency markets and in September 2011 decided to anchor

its currency to the euro with an exchange rate of 1.2 CHF/EUR. On January 15, 2015, the SNB

stopped anchoring the value of the CHF to the EUR. During this period, the expansive European
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monetary policy, quantitative easing, depreciated the euro signi�cantly and the SNB was unable

to contain appreciation tensions although it introduced other regulatory capital control measures

(penalizing foreign deposits to scare o¤ foreign investors) and implemented an aggressive policy of

low interest rates. During 2019, the CHF will once again act as a safe-haven currency due to market

uncertainties (US-China trade war) and the SNB cut interest rates again. In 2020 it made a strong

intervention (acquired more than 100,000 MCHF of foreign currencies) to curb the appreciation of

the CHF and reduced interest rates.

In short, there are two opposing interventions. On one side, that of the SNB trying to contain

the appreciation of the franc and avoid jeopardizing the foreign sector. The SNB has actively

engaged in currency market interventions to help cap the strong CHF, and also keeps interest rates

low or negative to dissuade strong speculative buying of the franc. On the other side, that of

the European Central Bank (ECB) exempli�ed by Draghi�s famous phrase pronounced on July 26,

2012 with the opposite e¤ect of depreciating the euro: �The ECB is ready to do whatever it takes

to preserve the euro. And believe me, it will be enough�. Accordingly, the ECB has pursued a

very accommodative monetary policy to guarantee the liquidity of the euro zone and ward o¤ the

risks that were looming over it, with the collateral e¤ect of putting downward pressure on the euro

exchange rate.

From the previous narrative we can identify several important dates: (i) May 2009, the start

of informal interventions, (ii) September 2011, the formal declaration of anchoring to the euro,

and (iii) January 2015, the formal elimination of this commitment. Figure 1 clearly shows these

counter interventions on reducing the variability of the CHF exchange rate by trying to provoke

its depreciation (SNB through reserve movements) or its appreciation (ECB through monetary

policy). These elements might justify the speci�cation of a model that allows for changing bounds

in the analysis (Case B).

We use monthly data of the exchange rate of the CHF against the EUR �denoted by Et �from

January of 2000 to June of 2021 by crossing the exchange rate of the CHF with respect to the US

dollar (USD) and the exchange rate of USD with respect to EUR. The source is Fred database

(Federal Reserve Bank of St. Louis). The EONIA interest rate series (ECB) and the volume of

reserves of the SNB have been used as a complement.

The empirical analysis starts with the computation of the original SU statistic in Harvey, Ley-

bourne and Taylor (2010) � i.e., omitting the bounded nature of the time series � which does

not �nd any structural breaks at the 5% signi�cance level. Next, we proceed with the consider-

ation the three structural breaks in the boundaries described above � i.e., May 2009, September

2011 and January 2015 � as these dates mark di¤erent milestones in interventions on the CHF

exchange rate and supports opposing forces that restrict its variability. Whereas the SU statistic

does not detect any structural breaks a¤ecting the level of Et, the (more powerful) S�U statistic

pinpoints di¤erent structural breaks � see Table 10. As a robustness check and following Her-

wartz and Xu (2008), Table 10 also presents the results with di¤erent sizes of limits starting from

b = max(Et), b = min(Et) and gradually increasing according to b � (1+ �=100) and b � (1� �=100)
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with � 2 f0; 1; 2; 5; 10; 20; 50; 100g �see Figure 2.4 As can be seen, the increase in the range of

variation leads to reduce the evidence of structural breaks, which is consistent with the results that

are obtained if bounds are not accounted for. However, even for a range of variation �ve times the

range de�ned by the minimum and maximum values, the evidence of structural breaks is noticeable.

Chronologically, the �rst two structural breaks in April 2003 and July 2006 are related to

episodes of strong appreciation of the euro against the dollar. The following ones, in June 2010 and

May 2014, correspond to the strong appreciation trends of the CHF. Finally, the structural break

in July 2017 is explained by the stabilization of the exchange rate. Figure 4 represents estimated

mean for the di¤erent regimes.

Summing up, the recent evolution of the CHF exchange rate against the euro illustrates the

relevance of considering the limits between which a time series moves in order to correctly detect

structural changes. The exercise of gradually widening the bands also shows that the boundaries

a¤ecting many economic time Harvey, Leybourne and Taylor (2010) series are often unobservable,

since they depend on economic policy interventions, while theoretical boundaries are not valid.

8 Conclusions

The paper has developed statistics to test for the presence of multiple level shifts a¤ecting bounded

stochastic processes without knowledge about whether the time series is BI(0) or BI(1). The paper

shows that bounds do not a¤ect the limiting distribution of the statistic that assumes that the

stochastic process is BI(0), whereas they have an important e¤ect on the test statistic that is valid

for BI(1) non-stationary processes. Therefore, bounds play an asymmetric role depending on the

order of integration (d) of the stochastic process, something that needs to be taken into account

when trying to obtain robust conclusions about the presence of multiple level shifts. This issue

is addressed through the design of a union rejection statistic that allows testing for the presence

of structural breaks regardless of d. The model speci�cation is general enough to allow for the

possibility of changing bounds in the framework of analysis, a situation that might be found in

empirical applications. This generates the de�nition of two sets of (potential) structural breaks,

depending on whether they a¤ect the level and/or the bounds. The paper conducts an extensive

simulation exercise to assess the �nite sample properties of the statistics that have been proposed,

which leads to suggest the use of the statistics that have been designed in empirical analyses. The

usefulness of the proposal is illustrated with the analysis of the Swiss franc exchange rate, for which

no structural breaks are detected if (well known/declared) bounds are not considered.

A Appendix

Lemma 3 Let fytgTt=1 be a stochastic process generated according to (2) and (3) with � = exp (��=T ),
� � 0, and satisfying Assumptions A1 to A4 in Cavaliere (2005a). As T ! 1, ��1T�1=2yt )

4 In order to guarantee the robustness of the results we have considered a second option in which the series is not
bounded before May 2009 �see Figure 3 �obtaining identical results.

18



Jc;�c (r), with c =
�
c1; : : : ; cn+1

�
, c = (c1; : : : ; cn+1), cj � 0 � cj, cj 6= cj, j = 1; : : : ; n + 1, where

Jc;�c (r) = J� (r)+L (r)�U (r) denotes a standard regulated Ornstein-Uhlenbeck (OU) process being
J� (r) =

R r
0 exp (�� (r � s)) dB (s) a standard OU process, B (r) a standard Brownian motion on

r 2 [0; 1], and L (r) = �f0^ inf�0i�1�r0�r(J
� (r0)� ci)g and U (r) = f0^ inf�0i�1�r0�r(ci � J

� (r0))g,

r 2
h
�0j�1; �

0
j

i
, j = 1; : : : ; n+ 1, the two side regulator processes.

See Theorems 1 and 4 in Cavaliere (2005a) for the proof.

A.1 Proof of Theorem 1

Part (a), the BI (0) case. Let us focus on the �rst mean that appears in (5), A1;t =
�
w
2 T
��1Pbw2 Tc

i=1 xt+i =
�
w
2 T
��1�Pt+bw2 Tc

j=1 xj �
Pt
j=1 xj

�
. Note that xt 2

�
bt; bt

�
implies that

Pt
j=1 xj 2�

btt; btt
�
, so that the re-scaled partial sum is given by ��10 T�1=2

Pt
j=1 xj 2

�
��10 btT

�1=2t; ��10 btT
�1=2t

�
.

Similarly, under the null hypothesis of no structural breaks a¤ecting the level of the time series we

have ��10 T�1=2
Pt
j=1 (xj � �) = ��10 T�1=2

Pt
j=1 yj 2

�
��10 (bt � �)T�1=2t; ��10

�
bt � �

�
T�1=2t

�
. It

is worth noting that:

lim
(t;T )!1

[��10 (bt � �)T�1=2t; ��10
�
bt � �

�
T�1=2t] = [�1;1] ;

regardless of
�
bt; bt

�
, bt 6= bt �the same result is obtained if constant boundaries are assumed. Thus

and using the Functional Central Limit Theorem (FCLT), ��10 T�1=2
Pt
j=1 (xj � �) = ��10 T�1=2

Pt
j=1 yj

) J� (r), where J� (r) 2 [�1;1] is a standard OU process.
Using these elements, it is straightforward to see that the re-scaled mean is:

��10 T 1=2A1;t = ��10 T 1=2
jw
2
T
k�10B@t+b

w
2
TcX

j=1

xj �
tX
j=1

xj

1CA
2 ��10 T 1=2

jw
2
T
k�1 h

bt

jw
2
T
k
; bt

jw
2
T
ki
=
h
��10 btT

1=2; ��10 btT
1=2
i
:

If we use the demeaned values of the process instead, xt � � = yt, we have ��10 T 1=2 �A1;t 2
[��10 (bt � �)T 1=2; ��10

�
bt � �

�
T 1=2]. Therefore, the �rst re-scaled mean converges to:

��10 T 1=2A1;t )
w

2
[J� (r + w=2)� J� (r)] :
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The di¤erence between the two means de�nes the statistic:

T 1=2Mt;bwT c = T 1=2
Pbw2 Tc
j=1 xt+j �

Pbw2 Tc
j=1 xt�j+1�

w
2 T
�

= T 1=2
Pbw2 Tc
j=1 (xt+j � �)�

Pbw2 Tc
j=1 (xt�j+1 � �)�

w
2 T
�

= T 1=2
Pbw2 Tc
j=1 yt+j �

Pbw2 Tc
j=1 yt�j+1�

w
2 T
� ;

or, equivalently, T 1=2Mt;bwT c =
�
w
2 T
��1

T 1=2[(
Pt+bw2 Tc
j=1 yj �

Pt
j=1 yj)� (

Pt
j=1 yj �

Pt�bw2 Tc
j=1 yj)],

so that it follows from the Continuous Mapping Theorem (CMT):

T 1=2Mt;bwT c ) �02w
�1 (J� (r + w=2)� 2J� (r) + J� (r � w=2)) :

The use of the FCLT allows us to establish the following result:

S0 = �̂�10 T 1=2max
t2�T

��Mt;bwT c
��

) sup
�2�

��2w�1 (J� (�+ w=2)� 2J� (�) + J� (�� w=2))�� ;
provided that �̂20

p! �20, where �
p!�denotes convergence in probability.

Part (b), the BI (1) case. Now we have T�1=2yt ) �1J
c;�
c (r) and

T�1=2Mt;bwT c = T�1=2
Pbw2 Tc
j=1 yt+j �

Pbw2 Tc
j=1 yt�j+1�

w
2 T
�

) 2w�1�1

 Z r+w=2

r
J
c+j ;�

c+j
(s) ds�

Z r

r�w=2
J
c�j ;�

c�j
(s) ds

!
;

�0j�1 < t � �0j , where �
0
j , j = 1; : : : ; n + 1. Note that when n > 0 it might be possible that,

for observations next to the border de�ned by two consecutive bound-regimes, some observations

that are used in the computation of the statistic lie in di¤erent bound-regimes. In this case,

J
cj ;�
cj (r) would be (partially) limited by di¤erent bounds for values of r next to �j . The use of

the superscripts �=+ in the notation of Jcj ;�cj (�) aims at highlighting this possibility. It should

be understood that when r is not close to the extremes of the �j set, then c+j = c�j = cj and

c+j = c�j = cj . The application of the FCLT gives:

S1 = �̂�11 T�1=2max
t2�T

��Mt;bwT c
��

) sup
�2�j

�����2w�1
 Z �+w=2

�
J
c+j ;�

c+j
(s) ds�

Z �

��w=2
J
c�j ;�

c�j
(s) ds

!����� ;
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with �j = (�j�1; �j ], j = 1; : : : ; n+ 1, �0 = �, �n+1 = 1� �, and provided that �̂21
p! �21.

A.2 Proof of Lemma 1

The proof follows the one of Theorem 3 in Harvey, Leybourne and Taylor (2010). To prove State-

ment (a) we �rst note that yt = �+
Pmmax
i=1 iDUi;t + ut, which implies that T

�1=2ûbrT c ) �1H(r;

�; c; c; w; �̂B;mmax), where H(r; �; c; c; w; �̂B;mmax) is the residual of the orthogonal projection of

Jc;�c (r) onto the space spanned by (1; 1(r > �̂1); : : : ; 1(r > �̂mmax)). Harvey, Leybourne and Tay-

lor (2010) distinguish among three di¤erent cases depending on (i) 0 < m = mmax, (ii) m = 0

with mmax > 0, and (iii) 0 < m < mmax. In the �rst case, �̂B;mmax

p! �, so that �̂B;mmax is a

non-stochastic argument of H. In the second case, �̂B;mmax is a mmax-vector of dependent random

variables, but whose distribution is independent of Jc;�c (r). Finally, the third case de�nes an inter-

mediate situation in which m elements of �̂B;mmax converge towards the corresponding true break

fraction, whereas the mmax � m remaining elements are dependent random variables, but whose

distribution is independent of Jc;�c (r). Due to the random characteristic of (part of) the elements

in �̂B;mmax in two out of three cases, the notation that de�nes H uses �̂B;mmax instead of �.

The OLS estimator of � in (10) converges towards:

T �̂) �e
�1

R 1
0 H(r; �; c; c; w; �̂B;mmax)dJ

c;�
c (r)R 1

0 H(r; �; c; c; w; �̂B;mmax)
2dr

;

and, since �̂2e
p! �2e, we have that:

T�2�̂20 = �̂2e= (T �̂)
2

) �21

 R 1
0 H(r; �; c; c; w; �̂B;mmax)

2drR 1
0 H(r; �; c; c; w; �̂B;mmax)dJ

c;�
c (r)

!2
� �21Q(�; c; c; w; �̂B;mmax):

Using the results from the previous proof, it is easy to see that:

S0 = �̂�10 T 1=2max
t2�T

��Mt;bwT c
��

=
�
T�1�̂0

��1
T�1=2max

t2�T

��Mt;bwT c
��
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sup�2�j

����2w�1�R �+w=2� J
c+j ;�

c+j
(s) ds�

R �
��w=2 J

c�j ;�

c�j
(s) ds

�����
Q1=2(�; c; c; w; �̂B;mmax)

; j = 1; : : : ; n+ 1:

The proof of Statement (b) follows from the fact that �̂21 = Op
�
k�2

�
as shown in Harvey, Ley-

bourne and Taylor (2010), so that S1 = �̂�11 T�1=2maxt2�T
��Mt;bwT c

�� = �̂�11 T�1T 1=2maxt2�T
��Mt;bwT c

��
= Op

�
kT�1

�
.
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A.3 Proof of Lemma 2

Let us �rst deal with the BI (0) case and de�ne x̂ = MDx = MDy = y � D (D0D)�1D0y, with

D = diag (�1; : : : ; �n+1) a (T � (n+ 1)) block-orthogonal diagonal matrix built by (Tj � Tj�1)-
vector of ones, j = 1; : : : ; n+ 1, and the convention that T0 = 1 and Tn+1 = 1. Provided that:

T�1D0D =

266664
�01 0

�02 � �01
. . .

0 1� �0n

377775 ; T�1=2D0y ) �0

0BBBB@
J�
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�
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�
�02
�
� J�

�
�01
�

...

J� (1)� J�
�
�0n
�

1CCCCA ;

we have that for a generic �0j�1 < t � �0j �suppose, for instance, j > 2:

T 1=2
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x̂j ) �0
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J� (r)� 1
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� � � � � 1
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�� r � �0j�1
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!
� �0V

� (r) ;

for �0j�1 < r � �0j , j = 1; : : : ; n+ 1. Then, the re-scaled mean di¤erence statistic is:

T 1=2M�
t;bwT c = T 1=2

Pbw2 Tc
j=1 x̂t+j �

Pbw2 Tc
j=1 x̂t�j+1�

w
2 T
�

) 2w�1�0 (V
� (r + w=2)� 2V � (r) + V � (r � w=2)) :

The application of the FCLT gives:

S�0 = �̂�10 T 1=2max
t2�T

���M�
t;bwT c

���
) sup

�2�

��2w�1 (V � (�+ w=2)� 2V � (�) + V � (�� w=2))�� ;
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p! �20.

Let us now center on the BI (1) case, with x̂ =MDx and T�1D0D de�ned, and:

T�3=2D0y ) �1

0BBBBB@
R �01
0 Jc;�c (s) dsR �02
�01
Jc;�c (s) ds

...R 1
�0n
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1CCCCCA ;
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which for a generic �0j�1 < t � �0j �suppose, for instance, j > 2 �leads to:

T�1=2x̂t ) �1
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We can de�ne the modi�ed statistic as:
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:

As pointed out above, it should be understood that when r is not close to the extremes of the �j
set, then c+j = c�j = cj and c+j = c�j = cj , j = 1; : : : ; n+ 1. Then:

S�1 = �̂�11 T�1=2max
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���M�
t;bwT c
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with �j = (�j�1; �j ], j = 1; : : : ; n+ 1, �0 = �, �n+1 = 1� �, and provided that �̂21

p! �21.

References

[1] Carrion-i-Silvestre, J.L. & M.D. Gadea (2013) GLS-based unit root tests for founded processes.

Economics Letters 120, 184-187.

[2] Carrion-i-Silvestre, J.L. & M.D. Gadea (2016) Bounds, breaks and unit root tests. Journal of

Time Series Analysis 37, 165-181.

[3] Carrion-i-Silvestre, J.L., M.D. Gadea & A. Montañés (2020) Nearly unbiased estimation of

autoregressive models for bounded near-integrated stochastic processes. Oxford Bulletin of

Economics and Statistics forthcoming.

[4] Cavaliere, G. (2005) Limited time series with a unit root. Econometric Theory 21, 907-945.

[5] Cavaliere, G. & F. Xu (2014) Testing for unit roots in bounded nonstationary time series.

Journal of Econometrics 178, 259-272.

23



[6] Granger, C.W.J. (2010) Some thoughts on the development of cointegration. Journal of Econo-

metrics 158, 3-6.

[7] Harvey, D.I., S.J. Leybourne & A.M.R. Taylor (2010) Robust methods for detecting multiple

level breaks in autocorrelated time series. Journal of Econometrics 157, 342-358.

[8] Herwartz, H. & F. Xu (2008). Reviewing the sustainability/stationarity of current account

imbalances with tests for bounded integration. The Manchester School 76, 267�278.

[9] Kejriwal, M. & Perron (2010) A sequential procedure to determine the number of breaks in

trend with an integrated or stationary noise component. Journal of Time Series Analysis 31,

305-328.

[10] Ng, S. & P. Perron (2001) Lag length selection and the construction of unit root tests with

good size and power. Econometrica 69, 1519-1554.

[11] Perron P. (1989) The great crash, the oil price shock and the unit root hypothesis. Economet-

rica 57, 1361-1401.

[12] Perron, P. & T. Yabu (2009) Testing for shifts in trend with an integrated or stationary noise

component. Journal of Business and Economic Statistics 27, 369-396.

[13] Perron, P. & Z. Qu (2007) Simple modi�cation to improve the �nite sample properties of Ng

and Perron�s unit root tests. Economics Letters 94, 12-19.

[14] Trokic, M. (2013) Regulated fractionally integrated processes. Journal of Time Series Analysis

34, 591-601.

24



Table 1: Asymptotic critical values for the test statistics at the 5% level of signi�cance for Cases
A and B

Case A (n = 0)
[c; c] ; c = �c

w 0:1 0:2 0:3 0:4 0:5 0:6 0:7 0:8 0:9 1 1:5

S0 0.1 22.7698 22.8337 22.8337 22.8337 22.8337 22.8337 22.8337 22.8337 22.8337 22.8337 22.8337
0.3 12.2785 12.3046 12.3046 12.3046 12.3046 12.3046 12.3046 12.3046 12.3046 12.3046 12.3046

S1 0.1 0.1202 0.2790 0.4041 0.4799 0.5086 0.5236 0.5362 0.5452 0.5505 0.5554 0.5711
0.3 0.0787 0.2397 0.3930 0.5255 0.6314 0.6968 0.7308 0.7559 0.7758 0.7927 0.8557

�� 0.1 1.0403 1.0350 1.0390 1.0493 1.0539 1.0546 1.0533 1.0533 1.0543 1.0559 1.0534
0.3 1.0654 1.0542 1.0466 1.0517 1.0571 1.0649 1.0675 1.0649 1.0658 1.0626 1.0656

Case B (n = 1)
[c; c] ; c = �c; c = (c1; c2) ; � = 0:5

w (0:3; 0:5) (0:3; 0:8) (0:3; 1) (0:3; 1:5) (0:5; 0:8) (0:5; 1) (0:5; 1:5) (0:8; 1) (0:8; 1:5) (1; 1:5)
S0 0.1 22.7927 22.7927 22.7927 22.7927 22.7927 22.7927 22.7927 22.7927 22.7927 22.7927
0.3 12.2298 12.2298 12.2298 12.2298 12.2298 12.2298 12.2298 12.2298 12.2298 12.2298

S1 0.1 0.5767 0.9485 1.1574 1.3836 0.6801 1.0080 1.6191 0.5775 1.0910 0.6971
0.3 0.6144 0.8562 1.0490 1.3989 0.7632 0.9192 1.4325 0.7914 0.9589 0.8510

�� 0.1 1.0612 1.0495 1.0503 1.0554 1.0728 1.0641 1.0751 1.0482 1.0938 1.1030
0.3 1.0656 1.0642 1.0614 1.0651 1.0715 1.0797 1.0965 1.0633 1.0904 1.0614

Case B (n = 1). Modi�ed statistics
[c; c] ; c = �c; c = (c1; c2) ; � = 0:5

w (0:3; 0:5) (0:3; 0:8) (0:3; 1) (0:3; 1:5) (0:5; 0:8) (0:5; 1) (0:5; 1:5) (0:8; 1) (0:8; 1:5) (1; 1:5)
S�0 0.1 22.7601 22.7601 22.7601 22.7601 22.7601 22.7601 22.7601 22.7601 22.7601 22.7601
0.3 12.0219 12.0219 12.0219 12.0219 12.0219 12.0219 12.0219 12.0219 12.0219 12.0219

S�1 0.1 0.5622 0.6683 0.6980 0.7500 0.6809 0.7346 0.8227 0.7006 0.8366 0.8404
0.3 0.6022 0.7105 0.7303 0.7662 0.7127 0.7335 0.7713 0.7617 0.7937 0.8108

��� 0.1 1.0633 1.0825 1.0824 1.0849 1.0771 1.0771 1.0778 1.0758 1.0771 1.0772
0.3 1.0690 1.0722 1.0763 1.0785 1.0697 1.0742 1.0772 1.0669 1.0668 1.0632
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Table 2: Case A. Empirical size

w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
�c T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
0.3 50 1 0.022 0.199 0.157 0.016 0.178 0.129 0.017 0.168 0.132 0.015 0.123 0.101 0.005 0.146 0.114

0.95 0.033 0.201 0.151 0.023 0.159 0.127 0.013 0.150 0.106 0.012 0.136 0.099 0.004 0.137 0.103
0.9 0.024 0.204 0.175 0.021 0.172 0.130 0.013 0.151 0.120 0.008 0.144 0.107 0.004 0.147 0.119
0.7 0.019 0.179 0.141 0.008 0.135 0.093 0.005 0.123 0.089 0.007 0.102 0.076 0.003 0.105 0.079
0.5 0.009 0.157 0.112 0.005 0.094 0.054 0.004 0.071 0.048 0.002 0.061 0.043 0.001 0.064 0.044

150 1 0.015 0.069 0.053 0.006 0.085 0.068 0.004 0.084 0.068 0.001 0.083 0.063 0.001 0.093 0.075
0.95 0.012 0.073 0.057 0.000 0.076 0.052 0.000 0.074 0.059 0.000 0.091 0.062 0.000 0.095 0.072
0.9 0.006 0.051 0.039 0.002 0.049 0.035 0.002 0.050 0.035 0.002 0.049 0.041 0.001 0.054 0.042
0.7 0.000 0.026 0.014 0.000 0.026 0.011 0.000 0.023 0.012 0.000 0.031 0.019 0.000 0.018 0.006
0.5 0.000 0.029 0.018 0.000 0.035 0.014 0.000 0.027 0.013 0.000 0.037 0.020 0.000 0.034 0.016

300 1 0.021 0.031 0.030 0.012 0.056 0.047 0.005 0.055 0.045 0.001 0.070 0.052 0.000 0.072 0.054
0.95 0.007 0.034 0.019 0.000 0.035 0.027 0.000 0.051 0.032 0.000 0.067 0.051 0.000 0.074 0.051
0.9 0.001 0.024 0.010 0.000 0.024 0.019 0.000 0.027 0.023 0.000 0.033 0.023 0.000 0.033 0.020
0.7 0.000 0.020 0.010 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.022 0.009
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010

0.5 50 1 0.055 0.177 0.143 0.047 0.187 0.152 0.038 0.205 0.162 0.040 0.201 0.162 0.033 0.235 0.196
0.95 0.051 0.172 0.137 0.024 0.166 0.131 0.023 0.155 0.128 0.023 0.153 0.122 0.018 0.190 0.148
0.9 0.032 0.184 0.150 0.023 0.163 0.124 0.020 0.165 0.120 0.019 0.149 0.123 0.011 0.194 0.154
0.7 0.024 0.188 0.151 0.015 0.118 0.081 0.008 0.100 0.070 0.006 0.089 0.072 0.003 0.085 0.060
0.5 0.013 0.154 0.117 0.007 0.083 0.054 0.004 0.078 0.049 0.002 0.065 0.053 0.000 0.067 0.046

150 1 0.054 0.064 0.064 0.035 0.091 0.074 0.035 0.102 0.092 0.025 0.134 0.105 0.026 0.141 0.112
0.95 0.018 0.055 0.041 0.009 0.055 0.041 0.013 0.067 0.052 0.008 0.063 0.053 0.006 0.074 0.054
0.9 0.001 0.040 0.023 0.001 0.038 0.031 0.001 0.038 0.027 0.000 0.046 0.035 0.000 0.043 0.033
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.016 0.000 0.030 0.015 0.000 0.036 0.019 0.000 0.033 0.016

300 1 0.046 0.023 0.040 0.051 0.061 0.062 0.054 0.075 0.073 0.042 0.103 0.094 0.037 0.114 0.091
0.95 0.003 0.016 0.011 0.000 0.024 0.017 0.001 0.026 0.018 0.001 0.042 0.029 0.001 0.040 0.028
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.020 0.000 0.028 0.020 0.000 0.029 0.015
0.7 0.000 0.020 0.009 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.008
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010

0.8 50 1 0.059 0.174 0.153 0.054 0.142 0.130 0.059 0.151 0.132 0.059 0.152 0.123 0.051 0.178 0.161
0.95 0.055 0.173 0.141 0.046 0.150 0.126 0.047 0.158 0.137 0.042 0.135 0.118 0.033 0.165 0.136
0.9 0.047 0.180 0.155 0.036 0.140 0.109 0.031 0.128 0.101 0.022 0.119 0.097 0.019 0.148 0.122
0.7 0.028 0.188 0.146 0.014 0.104 0.078 0.009 0.101 0.073 0.006 0.087 0.068 0.000 0.086 0.062
0.5 0.004 0.155 0.118 0.002 0.088 0.056 0.000 0.083 0.058 0.000 0.067 0.053 0.000 0.067 0.047

150 1 0.081 0.049 0.068 0.038 0.068 0.066 0.044 0.085 0.086 0.033 0.103 0.094 0.040 0.124 0.110
0.95 0.038 0.041 0.035 0.011 0.045 0.037 0.009 0.051 0.037 0.005 0.051 0.042 0.005 0.063 0.042
0.9 0.007 0.044 0.028 0.002 0.036 0.029 0.000 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.028
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.018 0.000 0.030 0.015 0.000 0.036 0.019 0.000 0.033 0.016

300 1 0.054 0.018 0.038 0.048 0.050 0.052 0.043 0.066 0.066 0.038 0.085 0.089 0.036 0.089 0.076
0.95 0.004 0.017 0.012 0.001 0.024 0.016 0.000 0.025 0.017 0.000 0.043 0.027 0.000 0.041 0.028
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.019 0.000 0.028 0.019 0.000 0.029 0.015
0.7 0.000 0.020 0.010 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.007
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010

continues . . .
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w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
�c T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 50 1 0.032 0.150 0.125 0.043 0.137 0.120 0.048 0.147 0.129 0.047 0.142 0.125 0.051 0.197 0.178

0.95 0.036 0.166 0.139 0.033 0.136 0.113 0.035 0.147 0.117 0.037 0.129 0.118 0.032 0.164 0.140
0.9 0.025 0.176 0.147 0.032 0.133 0.105 0.021 0.127 0.096 0.019 0.115 0.093 0.016 0.142 0.118
0.7 0.007 0.188 0.146 0.006 0.104 0.076 0.001 0.102 0.075 0.001 0.088 0.069 0.000 0.086 0.063
0.5 0.001 0.155 0.118 0.001 0.088 0.056 0.000 0.083 0.058 0.000 0.067 0.053 0.000 0.067 0.048

150 1 0.117 0.040 0.088 0.056 0.055 0.064 0.062 0.074 0.083 0.050 0.105 0.112 0.049 0.119 0.118
0.95 0.056 0.043 0.048 0.017 0.045 0.039 0.013 0.051 0.039 0.004 0.051 0.042 0.004 0.063 0.042
0.9 0.014 0.044 0.028 0.004 0.036 0.031 0.001 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.029
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.018 0.000 0.030 0.015 0.000 0.036 0.020 0.000 0.033 0.016

300 1 0.088 0.012 0.069 0.074 0.041 0.069 0.063 0.063 0.080 0.061 0.080 0.090 0.052 0.088 0.092
0.95 0.007 0.017 0.013 0.001 0.024 0.017 0.000 0.025 0.017 0.000 0.043 0.028 0.000 0.041 0.029
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.019 0.000 0.028 0.019 0.000 0.029 0.015
0.7 0.000 0.020 0.010 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.007
0.5 0.000 0.025 0.011 0.000 0.033 0.018 0.000 0.027 0.013 0.000 0.023 0.010 0.000 0.028 0.010

1.5 50 1 0.000 0.150 0.112 0.002 0.133 0.105 0.004 0.132 0.101 0.005 0.125 0.099 0.007 0.171 0.143
0.95 0.001 0.160 0.134 0.001 0.132 0.101 0.002 0.140 0.107 0.004 0.120 0.103 0.002 0.154 0.122
0.9 0.000 0.176 0.145 0.001 0.133 0.098 0.001 0.126 0.099 0.002 0.114 0.086 0.000 0.142 0.113
0.7 0.000 0.187 0.145 0.000 0.104 0.077 0.000 0.102 0.074 0.000 0.088 0.071 0.000 0.086 0.064
0.5 0.000 0.154 0.117 0.000 0.089 0.059 0.000 0.084 0.059 0.000 0.067 0.054 0.000 0.067 0.048

150 1 0.011 0.040 0.034 0.017 0.039 0.034 0.024 0.058 0.061 0.025 0.081 0.080 0.030 0.103 0.096
0.95 0.003 0.043 0.032 0.000 0.045 0.034 0.000 0.051 0.035 0.000 0.051 0.041 0.000 0.063 0.041
0.9 0.001 0.044 0.026 0.000 0.036 0.029 0.000 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.030
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.018 0.000 0.030 0.015 0.000 0.036 0.021 0.000 0.033 0.016

300 1 0.020 0.008 0.021 0.026 0.035 0.040 0.034 0.046 0.052 0.034 0.072 0.066 0.042 0.081 0.083
0.95 0.000 0.017 0.010 0.000 0.024 0.016 0.000 0.025 0.017 0.000 0.043 0.028 0.000 0.041 0.029
0.9 0.000 0.021 0.010 0.000 0.023 0.019 0.000 0.025 0.019 0.000 0.028 0.020 0.000 0.029 0.015
0.7 0.000 0.020 0.011 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.008
0.5 0.000 0.025 0.011 0.000 0.033 0.018 0.000 0.027 0.013 0.000 0.023 0.010 0.000 0.028 0.010
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Table 3: Case A. Empirical power with one structural break,  = �T 1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.981 0.944 0.990 0.983 0.963 0.985 0.983 0.972 0.993 0.993 0.976 0.990 0.994 0.993 0.994

150 1.000 0.966 0.999 1.000 0.974 0.999 1.000 0.988 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.961 1.000 1.000 0.990 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.909 0.792 0.918 0.909 0.827 0.929 0.903 0.817 0.932 0.895 0.891 0.936 0.906 0.976 0.970
150 0.979 0.770 0.971 0.980 0.812 0.978 0.986 0.925 0.986 0.997 1.000 1.000 0.982 1.000 1.000
300 0.982 0.733 0.976 0.996 0.920 0.993 0.999 0.996 0.999 1.000 1.000 1.000 0.939 1.000 1.000

0.8 50 0.782 0.673 0.844 0.770 0.701 0.837 0.784 0.707 0.836 0.790 0.880 0.914 0.784 0.973 0.966
150 0.954 0.622 0.935 0.958 0.749 0.941 0.970 0.915 0.980 0.959 1.000 1.000 0.842 1.000 1.000
300 0.961 0.615 0.946 0.987 0.908 0.984 0.997 0.997 0.999 0.946 1.000 1.000 0.575 1.000 1.000

1.0 50 0.651 0.635 0.775 0.646 0.672 0.782 0.659 0.704 0.799 0.659 0.880 0.900 0.625 0.973 0.963
150 0.936 0.572 0.919 0.952 0.748 0.940 0.960 0.915 0.979 0.896 1.000 1.000 0.658 1.000 1.000
300 0.962 0.568 0.943 0.989 0.908 0.986 0.995 0.997 0.999 0.840 1.000 1.000 0.317 1.000 1.000

1.5 50 0.261 0.582 0.621 0.268 0.655 0.670 0.271 0.702 0.712 0.234 0.880 0.860 0.160 0.974 0.958
150 0.617 0.511 0.717 0.617 0.748 0.841 0.587 0.915 0.938 0.396 1.000 1.000 0.173 1.000 1.000
300 0.785 0.509 0.807 0.815 0.908 0.953 0.786 0.997 0.998 0.371 1.000 1.000 0.042 1.000 1.000

5 0.3 50 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.999 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.996 0.999 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
150 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.993 0.999 1.000 0.994 0.999 1.000 0.996 1.000 1.000 0.982 1.000 1.000 0.972 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 0.969 1.000 1.000
300 1.000 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.907 1.000 1.000

1.0 50 0.972 0.999 1.000 0.978 0.999 1.000 0.981 1.000 1.000 0.956 1.000 1.000 0.942 1.000 1.000
150 1.000 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.986 1.000 1.000 0.919 1.000 1.000
300 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.976 1.000 1.000 0.755 1.000 1.000

1.5 50 0.856 0.995 1.000 0.858 0.999 1.000 0.838 1.000 1.000 0.772 1.000 1.000 0.710 1.000 1.000
150 0.997 0.992 1.000 0.994 1.000 1.000 0.985 1.000 1.000 0.899 1.000 1.000 0.662 1.000 1.000
300 1.000 0.992 1.000 0.999 1.000 1.000 0.998 1.000 1.000 0.840 1.000 1.000 0.311 1.000 1.000

10 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.997 1.000 1.000 0.997 1.000 1.000 0.998 1.000 1.000 0.995 1.000 1.000 0.986 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.989 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.975 1.000 1.000

1.0 50 0.988 1.000 1.000 0.993 1.000 1.000 0.994 1.000 1.000 0.979 1.000 1.000 0.968 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.993 1.000 1.000 0.959 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000 0.878 1.000 1.000

1.5 50 0.947 0.999 1.000 0.935 1.000 1.000 0.923 1.000 1.000 0.881 1.000 1.000 0.834 1.000 1.000
150 0.999 0.998 1.000 0.999 1.000 1.000 0.995 1.000 1.000 0.954 1.000 1.000 0.804 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.927 1.000 1.000 0.503 1.000 1.000
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Table 4: Case A. Empirical power with one structural break,  = �T�1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.019 0.181 0.126 0.011 0.160 0.128 0.012 0.173 0.129 0.003 0.131 0.088 0.001 0.093 0.053

150 0.003 0.085 0.071 0.000 0.077 0.053 0.001 0.047 0.033 0.000 0.027 0.011 0.000 0.035 0.017
300 0.000 0.056 0.046 0.000 0.035 0.026 0.000 0.024 0.019 0.000 0.020 0.015 0.000 0.033 0.016

0.5 50 0.047 0.191 0.143 0.025 0.171 0.129 0.020 0.166 0.124 0.006 0.112 0.079 0.001 0.086 0.057
150 0.027 0.091 0.077 0.013 0.056 0.042 0.001 0.039 0.034 0.000 0.028 0.017 0.000 0.038 0.019
300 0.040 0.060 0.059 0.000 0.024 0.017 0.000 0.023 0.019 0.000 0.020 0.015 0.000 0.033 0.017

0.8 50 0.021 0.147 0.118 0.015 0.153 0.120 0.011 0.141 0.102 0.002 0.104 0.072 0.000 0.090 0.061
150 0.038 0.070 0.070 0.013 0.045 0.036 0.003 0.037 0.031 0.000 0.028 0.018 0.000 0.038 0.019
300 0.053 0.050 0.058 0.001 0.024 0.016 0.000 0.023 0.019 0.000 0.020 0.015 0.000 0.033 0.017

1.0 50 0.006 0.138 0.109 0.006 0.137 0.107 0.007 0.135 0.103 0.000 0.104 0.074 0.000 0.090 0.061
150 0.039 0.056 0.058 0.012 0.045 0.037 0.001 0.037 0.031 0.000 0.028 0.018 0.000 0.038 0.019
300 0.073 0.041 0.069 0.001 0.024 0.017 0.000 0.023 0.019 0.000 0.020 0.015 0.000 0.033 0.018

1.5 50 0.002 0.133 0.102 0.001 0.131 0.101 0.001 0.137 0.103 0.000 0.104 0.076 0.000 0.092 0.061
150 0.012 0.043 0.035 0.001 0.045 0.034 0.000 0.037 0.032 0.000 0.028 0.018 0.000 0.038 0.019
300 0.022 0.035 0.035 0.000 0.024 0.016 0.000 0.023 0.020 0.000 0.020 0.015 0.000 0.033 0.018

5 0.3 50 0.014 0.181 0.137 0.012 0.168 0.139 0.011 0.174 0.135 0.004 0.127 0.088 0.002 0.085 0.057
150 0.003 0.086 0.066 0.000 0.070 0.055 0.001 0.048 0.035 0.000 0.033 0.014 0.000 0.041 0.018
300 0.000 0.057 0.046 0.000 0.035 0.026 0.000 0.023 0.019 0.000 0.021 0.015 0.000 0.036 0.020

0.5 50 0.050 0.190 0.158 0.028 0.179 0.131 0.020 0.162 0.125 0.007 0.116 0.085 0.001 0.092 0.063
150 0.028 0.092 0.079 0.012 0.057 0.046 0.002 0.038 0.035 0.000 0.032 0.014 0.000 0.044 0.019
300 0.041 0.062 0.057 0.000 0.023 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

0.8 50 0.022 0.149 0.122 0.017 0.152 0.127 0.012 0.137 0.098 0.001 0.112 0.083 0.000 0.093 0.065
150 0.038 0.072 0.073 0.013 0.048 0.037 0.003 0.037 0.033 0.000 0.032 0.015 0.000 0.044 0.020
300 0.053 0.051 0.059 0.001 0.022 0.015 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

1.0 50 0.007 0.139 0.110 0.006 0.137 0.112 0.007 0.126 0.091 0.000 0.112 0.084 0.000 0.093 0.066
150 0.042 0.054 0.058 0.012 0.048 0.038 0.001 0.037 0.032 0.000 0.032 0.015 0.000 0.044 0.022
300 0.074 0.042 0.068 0.001 0.022 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

1.5 50 0.002 0.140 0.114 0.001 0.134 0.108 0.001 0.127 0.093 0.000 0.112 0.086 0.000 0.093 0.066
150 0.010 0.041 0.037 0.001 0.048 0.036 0.000 0.037 0.032 0.000 0.032 0.015 0.000 0.044 0.022
300 0.021 0.035 0.035 0.000 0.022 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

10 0.3 50 0.033 0.192 0.155 0.033 0.205 0.161 0.022 0.205 0.158 0.009 0.142 0.103 0.005 0.114 0.089
150 0.003 0.089 0.067 0.000 0.074 0.053 0.001 0.047 0.032 0.000 0.035 0.017 0.000 0.052 0.028
300 0.000 0.057 0.042 0.000 0.034 0.024 0.000 0.023 0.019 0.000 0.022 0.016 0.000 0.040 0.021

0.5 50 0.060 0.211 0.177 0.046 0.196 0.153 0.030 0.181 0.136 0.011 0.132 0.096 0.003 0.112 0.080
150 0.024 0.090 0.075 0.010 0.054 0.048 0.002 0.042 0.031 0.000 0.037 0.018 0.000 0.055 0.028
300 0.041 0.063 0.058 0.000 0.023 0.014 0.000 0.021 0.018 0.000 0.022 0.016 0.000 0.040 0.022

0.8 50 0.038 0.160 0.130 0.024 0.170 0.130 0.018 0.151 0.111 0.004 0.128 0.090 0.000 0.113 0.083
150 0.039 0.075 0.076 0.012 0.046 0.035 0.002 0.040 0.030 0.000 0.037 0.019 0.000 0.055 0.028
300 0.056 0.052 0.060 0.001 0.022 0.013 0.000 0.021 0.018 0.000 0.022 0.017 0.000 0.040 0.023

1.0 50 0.014 0.158 0.130 0.013 0.161 0.125 0.011 0.148 0.107 0.002 0.129 0.091 0.000 0.113 0.083
150 0.042 0.055 0.060 0.012 0.047 0.037 0.002 0.040 0.029 0.000 0.037 0.019 0.000 0.055 0.029
300 0.076 0.042 0.066 0.001 0.022 0.014 0.000 0.021 0.018 0.000 0.022 0.017 0.000 0.040 0.023

1.5 50 0.002 0.159 0.133 0.003 0.159 0.127 0.002 0.150 0.107 0.000 0.129 0.092 0.000 0.114 0.084
150 0.009 0.045 0.037 0.001 0.047 0.033 0.000 0.040 0.029 0.000 0.037 0.019 0.000 0.055 0.029
300 0.022 0.038 0.035 0.000 0.022 0.013 0.000 0.021 0.018 0.000 0.022 0.018 0.000 0.040 0.023
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Table 5: Case A. Empirical power with one structural break,  = � and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.019 0.187 0.137 0.020 0.174 0.145 0.015 0.175 0.132 0.004 0.129 0.091 0.002 0.093 0.057

150 0.003 0.086 0.066 0.000 0.075 0.057 0.001 0.049 0.035 0.000 0.034 0.022 0.000 0.058 0.028
300 0.001 0.052 0.040 0.000 0.031 0.024 0.000 0.025 0.020 0.000 0.031 0.016 0.000 0.080 0.046

0.5 50 0.056 0.202 0.152 0.033 0.184 0.132 0.021 0.166 0.124 0.008 0.116 0.091 0.001 0.096 0.076
150 0.027 0.088 0.071 0.010 0.053 0.050 0.002 0.045 0.033 0.000 0.036 0.020 0.000 0.061 0.034
300 0.043 0.060 0.056 0.000 0.023 0.015 0.000 0.024 0.020 0.000 0.031 0.016 0.000 0.080 0.048

0.8 50 0.028 0.148 0.118 0.017 0.158 0.129 0.013 0.134 0.097 0.002 0.112 0.085 0.000 0.097 0.074
150 0.043 0.075 0.076 0.013 0.043 0.039 0.003 0.043 0.032 0.000 0.036 0.020 0.000 0.061 0.035
300 0.054 0.049 0.062 0.001 0.022 0.015 0.000 0.024 0.020 0.000 0.031 0.016 0.000 0.080 0.048

1.0 50 0.008 0.151 0.119 0.005 0.146 0.117 0.006 0.126 0.093 0.001 0.112 0.087 0.000 0.097 0.074
150 0.045 0.056 0.062 0.015 0.045 0.041 0.002 0.043 0.031 0.000 0.036 0.020 0.000 0.061 0.035
300 0.078 0.042 0.067 0.001 0.022 0.016 0.000 0.024 0.020 0.000 0.031 0.016 0.000 0.080 0.048

1.5 50 0.001 0.145 0.123 0.002 0.144 0.115 0.002 0.127 0.094 0.000 0.112 0.088 0.000 0.097 0.074
150 0.010 0.048 0.039 0.001 0.045 0.037 0.000 0.043 0.031 0.000 0.036 0.020 0.000 0.061 0.036
300 0.022 0.037 0.037 0.000 0.022 0.015 0.000 0.024 0.020 0.000 0.031 0.016 0.000 0.080 0.048

5 0.3 50 0.767 0.760 0.827 0.784 0.792 0.844 0.788 0.820 0.848 0.738 0.828 0.829 0.718 0.909 0.874
150 0.237 0.324 0.315 0.199 0.382 0.368 0.196 0.392 0.351 0.141 0.827 0.777 0.156 0.973 0.960
300 0.108 0.139 0.133 0.100 0.170 0.156 0.050 0.259 0.210 0.003 0.955 0.939 0.027 0.996 0.992

0.5 50 0.582 0.561 0.639 0.586 0.590 0.653 0.554 0.591 0.645 0.516 0.666 0.657 0.532 0.826 0.792
150 0.168 0.205 0.225 0.117 0.191 0.193 0.092 0.242 0.207 0.053 0.813 0.766 0.091 0.972 0.969
300 0.095 0.109 0.131 0.030 0.108 0.092 0.002 0.221 0.177 0.001 0.955 0.942 0.000 0.996 0.993

0.8 50 0.432 0.453 0.513 0.403 0.466 0.501 0.400 0.492 0.502 0.403 0.648 0.621 0.415 0.822 0.781
150 0.175 0.143 0.191 0.112 0.165 0.166 0.080 0.238 0.200 0.032 0.813 0.767 0.008 0.972 0.969
300 0.110 0.077 0.113 0.020 0.106 0.088 0.004 0.221 0.177 0.000 0.955 0.942 0.000 0.996 0.993

1.0 50 0.297 0.417 0.437 0.292 0.448 0.449 0.278 0.488 0.480 0.262 0.648 0.597 0.257 0.822 0.775
150 0.170 0.124 0.170 0.107 0.165 0.163 0.079 0.238 0.199 0.012 0.813 0.767 0.002 0.972 0.970
300 0.135 0.069 0.116 0.025 0.106 0.088 0.002 0.221 0.177 0.000 0.955 0.942 0.000 0.996 0.993

1.5 50 0.081 0.356 0.331 0.081 0.434 0.395 0.076 0.489 0.439 0.043 0.649 0.574 0.031 0.823 0.771
150 0.060 0.101 0.101 0.034 0.165 0.141 0.016 0.238 0.188 0.001 0.813 0.768 0.000 0.972 0.970
300 0.046 0.055 0.060 0.003 0.106 0.084 0.000 0.221 0.178 0.000 0.955 0.943 0.000 0.996 0.994

10 0.3 50 0.997 0.993 1.000 0.993 0.996 0.999 0.995 0.998 1.000 0.998 1.000 1.000 0.999 1.000 0.999
150 0.975 0.894 0.970 0.980 0.915 0.981 0.987 0.945 0.983 0.999 1.000 1.000 1.000 1.000 1.000
300 0.748 0.536 0.714 0.767 0.690 0.765 0.803 0.889 0.883 0.974 1.000 1.000 0.997 1.000 1.000

0.5 50 0.988 0.938 0.998 0.990 0.954 1.000 0.995 0.953 0.997 0.992 0.982 0.999 0.983 1.000 1.000
150 0.863 0.624 0.868 0.863 0.654 0.858 0.871 0.794 0.895 0.970 1.000 1.000 0.969 1.000 1.000
300 0.460 0.328 0.460 0.450 0.477 0.550 0.410 0.850 0.813 0.588 1.000 1.000 0.791 1.000 1.000

0.8 50 0.932 0.884 0.989 0.936 0.885 0.987 0.948 0.895 0.991 0.929 0.980 0.997 0.910 1.000 1.000
150 0.807 0.472 0.773 0.787 0.567 0.779 0.819 0.780 0.863 0.904 1.000 1.000 0.792 1.000 1.000
300 0.435 0.226 0.396 0.369 0.465 0.503 0.336 0.850 0.810 0.435 1.000 1.000 0.285 1.000 1.000

1.0 50 0.854 0.854 0.974 0.868 0.858 0.974 0.868 0.896 0.980 0.835 0.980 0.994 0.777 1.000 1.000
150 0.768 0.415 0.742 0.785 0.563 0.769 0.809 0.780 0.865 0.826 1.000 1.000 0.595 1.000 1.000
300 0.462 0.212 0.394 0.395 0.465 0.503 0.364 0.850 0.811 0.295 1.000 1.000 0.070 1.000 1.000

1.5 50 0.520 0.815 0.888 0.493 0.852 0.912 0.471 0.895 0.931 0.401 0.980 0.983 0.345 1.000 0.999
150 0.398 0.360 0.485 0.393 0.563 0.615 0.361 0.780 0.783 0.218 1.000 1.000 0.078 1.000 1.000
300 0.215 0.170 0.241 0.141 0.465 0.442 0.075 0.850 0.808 0.001 1.000 1.000 0.000 1.000 1.000
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Table 10: Estimated structural break dates with the S�U statistic

� = 0 � = 1 � = 2 � = 5 � = 10 � = 20 � = 50 � = 100

June 2010 June 2010 June 2010 June 2010 - - - -
April 2003 April 2003 April 2003 April 2003 - - - -
July 2006 July 2006 July 2006 July 2006 - - - -
July 2017 July 2017 July 2017 July 2017 - - - -
May 2014 May 2014 May 2014 - - - - -
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Figure 1: Interventions on the recent evolution of Swiss franc vs. Euro exchange rate
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Figure 2: Di¤erent boundaries evolution of CHF vs. EUR exchange rate
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Figure 3: Di¤erent boundaries evolution of CHF vs. EUR exchange rate
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B Supplementary material

This section provides the estimated response surfaces to approximate �nite sample critical values

for the S1 and S0 test statistics, along with the �� constant that is required to compute the SU test

statistic. The estimation of these response surfaces bases on simulations conducted for T 2 f50,
100, 200, 300, 500, 1000} and following the setup described in the paper.

We also include tables with additional simulation results for the known �c case. Tables report

empirical size and power using the DGP described in the paper.
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Table B.4: Case A. Empirical size, assuming known �c

w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
�c T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
0.3 50 1 0.064 0.194 0.163 0.062 0.183 0.141 0.060 0.169 0.139 0.063 0.126 0.108 0.051 0.147 0.119

0.95 0.073 0.196 0.163 0.067 0.164 0.139 0.044 0.158 0.118 0.047 0.139 0.111 0.044 0.138 0.110
0.9 0.064 0.200 0.180 0.063 0.181 0.140 0.050 0.154 0.131 0.048 0.148 0.113 0.042 0.152 0.127
0.7 0.039 0.177 0.143 0.027 0.138 0.097 0.022 0.125 0.091 0.025 0.103 0.082 0.022 0.105 0.079
0.5 0.022 0.154 0.116 0.014 0.094 0.058 0.012 0.071 0.050 0.009 0.063 0.046 0.007 0.066 0.042

150 1 0.091 0.071 0.080 0.060 0.085 0.084 0.050 0.084 0.089 0.051 0.084 0.078 0.042 0.094 0.092
0.95 0.053 0.073 0.072 0.046 0.076 0.069 0.040 0.075 0.073 0.041 0.091 0.075 0.035 0.095 0.089
0.9 0.042 0.051 0.051 0.030 0.049 0.047 0.021 0.050 0.044 0.017 0.049 0.046 0.020 0.054 0.047
0.7 0.001 0.026 0.016 0.000 0.026 0.012 0.000 0.024 0.012 0.000 0.031 0.019 0.000 0.018 0.006
0.5 0.000 0.029 0.018 0.000 0.035 0.020 0.000 0.027 0.013 0.000 0.037 0.019 0.000 0.034 0.015

300 1 0.091 0.031 0.067 0.072 0.056 0.072 0.063 0.055 0.064 0.051 0.070 0.068 0.043 0.073 0.068
0.95 0.042 0.034 0.031 0.031 0.035 0.040 0.027 0.052 0.038 0.021 0.067 0.055 0.014 0.074 0.051
0.9 0.002 0.024 0.011 0.001 0.024 0.019 0.000 0.027 0.023 0.000 0.033 0.022 0.000 0.033 0.020
0.7 0.000 0.020 0.012 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.022 0.009
0.5 0.000 0.025 0.012 0.000 0.033 0.018 0.000 0.027 0.013 0.000 0.023 0.010 0.000 0.028 0.011

0.5 50 1 0.036 0.177 0.140 0.048 0.187 0.150 0.046 0.206 0.161 0.050 0.201 0.164 0.057 0.235 0.197
0.95 0.036 0.172 0.129 0.027 0.166 0.132 0.033 0.156 0.127 0.032 0.153 0.120 0.032 0.190 0.154
0.9 0.026 0.183 0.146 0.020 0.164 0.121 0.029 0.166 0.121 0.025 0.149 0.125 0.025 0.195 0.155
0.7 0.019 0.187 0.146 0.012 0.118 0.080 0.009 0.100 0.070 0.007 0.089 0.072 0.008 0.084 0.060
0.5 0.007 0.154 0.115 0.006 0.086 0.053 0.004 0.079 0.049 0.002 0.065 0.051 0.000 0.067 0.046

150 1 0.071 0.064 0.072 0.054 0.091 0.088 0.065 0.102 0.105 0.060 0.134 0.118 0.069 0.141 0.127
0.95 0.032 0.055 0.045 0.022 0.055 0.044 0.022 0.067 0.058 0.020 0.063 0.057 0.021 0.074 0.061
0.9 0.003 0.040 0.023 0.002 0.038 0.032 0.002 0.038 0.027 0.003 0.046 0.034 0.001 0.043 0.033
0.7 0.000 0.023 0.011 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.016 0.000 0.030 0.015 0.000 0.036 0.020 0.000 0.033 0.016

300 1 0.056 0.023 0.050 0.068 0.061 0.076 0.067 0.075 0.091 0.065 0.103 0.108 0.066 0.114 0.105
0.95 0.004 0.016 0.011 0.001 0.024 0.017 0.001 0.026 0.018 0.001 0.042 0.030 0.001 0.040 0.028
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.020 0.000 0.028 0.020 0.000 0.029 0.015
0.7 0.000 0.020 0.009 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.008
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010

0.8 50 1 0.049 0.174 0.150 0.040 0.142 0.122 0.050 0.150 0.126 0.046 0.152 0.119 0.049 0.179 0.160
0.95 0.033 0.173 0.139 0.027 0.150 0.120 0.038 0.158 0.133 0.032 0.135 0.112 0.033 0.165 0.136
0.9 0.035 0.180 0.153 0.029 0.139 0.102 0.020 0.128 0.101 0.017 0.119 0.094 0.018 0.148 0.119
0.7 0.024 0.189 0.149 0.015 0.104 0.077 0.007 0.101 0.073 0.006 0.087 0.068 0.002 0.086 0.060
0.5 0.008 0.155 0.118 0.005 0.088 0.057 0.004 0.083 0.057 0.002 0.067 0.053 0.000 0.067 0.047

150 1 0.050 0.049 0.056 0.033 0.068 0.063 0.037 0.085 0.085 0.034 0.103 0.094 0.040 0.124 0.111
0.95 0.018 0.041 0.030 0.006 0.045 0.037 0.008 0.051 0.036 0.005 0.051 0.042 0.005 0.063 0.042
0.9 0.002 0.044 0.026 0.002 0.036 0.028 0.000 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.028
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.016 0.000 0.030 0.015 0.000 0.036 0.018 0.000 0.033 0.016

300 1 0.043 0.018 0.034 0.047 0.050 0.052 0.042 0.066 0.065 0.038 0.085 0.092 0.042 0.089 0.077
0.95 0.003 0.017 0.011 0.001 0.024 0.016 0.000 0.025 0.017 0.000 0.043 0.027 0.000 0.041 0.028
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.019 0.000 0.028 0.019 0.000 0.029 0.015
0.7 0.000 0.020 0.010 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.007
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010
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Table B.5: Case A. Empirical size, assuming known �c

w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
�c T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 50 1 0.079 0.150 0.144 0.066 0.137 0.129 0.067 0.147 0.137 0.067 0.142 0.130 0.072 0.196 0.180

0.95 0.056 0.166 0.147 0.056 0.136 0.116 0.053 0.147 0.124 0.036 0.129 0.119 0.039 0.164 0.140
0.9 0.055 0.176 0.155 0.042 0.132 0.103 0.031 0.127 0.099 0.026 0.115 0.093 0.020 0.142 0.117
0.7 0.035 0.189 0.153 0.019 0.104 0.080 0.013 0.102 0.076 0.008 0.088 0.071 0.002 0.086 0.062
0.5 0.014 0.155 0.119 0.007 0.088 0.059 0.005 0.083 0.058 0.002 0.067 0.053 0.000 0.067 0.048

150 1 0.097 0.040 0.074 0.053 0.055 0.060 0.056 0.074 0.084 0.048 0.105 0.112 0.049 0.119 0.118
0.95 0.049 0.043 0.039 0.012 0.045 0.036 0.010 0.051 0.038 0.004 0.051 0.042 0.004 0.063 0.042
0.9 0.007 0.044 0.028 0.002 0.036 0.029 0.000 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.029
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.017 0.000 0.030 0.015 0.000 0.036 0.019 0.000 0.033 0.016

300 1 0.076 0.012 0.056 0.064 0.041 0.063 0.059 0.063 0.078 0.060 0.080 0.087 0.052 0.088 0.092
0.95 0.004 0.017 0.012 0.001 0.024 0.016 0.000 0.025 0.017 0.000 0.043 0.028 0.000 0.041 0.029
0.9 0.000 0.021 0.010 0.000 0.023 0.018 0.000 0.025 0.019 0.000 0.028 0.019 0.000 0.029 0.015
0.7 0.000 0.020 0.010 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.007
0.5 0.000 0.025 0.010 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010

1.5 50 1 0.056 0.150 0.126 0.046 0.133 0.113 0.052 0.131 0.115 0.056 0.125 0.114 0.059 0.171 0.152
0.95 0.040 0.160 0.143 0.031 0.131 0.108 0.031 0.140 0.112 0.021 0.120 0.109 0.023 0.154 0.124
0.9 0.037 0.176 0.151 0.027 0.133 0.102 0.020 0.126 0.098 0.013 0.114 0.088 0.013 0.142 0.116
0.7 0.024 0.188 0.150 0.015 0.104 0.079 0.007 0.102 0.076 0.006 0.088 0.071 0.001 0.086 0.064
0.5 0.008 0.155 0.118 0.005 0.088 0.058 0.003 0.083 0.058 0.002 0.067 0.054 0.000 0.067 0.048

150 1 0.064 0.040 0.053 0.036 0.039 0.040 0.047 0.058 0.073 0.045 0.081 0.088 0.055 0.103 0.106
0.95 0.019 0.043 0.034 0.003 0.045 0.035 0.004 0.051 0.035 0.001 0.051 0.041 0.001 0.063 0.041
0.9 0.002 0.044 0.026 0.001 0.036 0.029 0.000 0.035 0.025 0.000 0.041 0.031 0.000 0.039 0.029
0.7 0.000 0.023 0.012 0.000 0.028 0.018 0.000 0.028 0.015 0.000 0.030 0.018 0.000 0.016 0.005
0.5 0.000 0.030 0.018 0.000 0.038 0.018 0.000 0.030 0.015 0.000 0.036 0.020 0.000 0.033 0.016

300 1 0.051 0.008 0.040 0.051 0.035 0.051 0.054 0.046 0.066 0.046 0.072 0.078 0.052 0.081 0.094
0.95 0.002 0.017 0.011 0.000 0.024 0.016 0.000 0.025 0.017 0.000 0.043 0.029 0.000 0.041 0.029
0.9 0.000 0.021 0.010 0.000 0.023 0.019 0.000 0.025 0.019 0.000 0.028 0.020 0.000 0.029 0.015
0.7 0.000 0.020 0.011 0.000 0.020 0.015 0.000 0.020 0.009 0.000 0.016 0.009 0.000 0.021 0.008
0.5 0.000 0.025 0.011 0.000 0.033 0.018 0.000 0.027 0.012 0.000 0.023 0.010 0.000 0.028 0.010
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Table B.6: Case A. Empirical power with one structural break,  = �T 1=2 and w = 0:30

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.987 0.988 0.994 0.987 0.997 0.996 0.988 0.995 0.995 0.994 1.000 1.000 0.994 1.000 1.000

150 1.000 0.993 1.000 1.000 0.994 1.000 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.798 0.819 0.885 0.828 0.868 0.919 0.812 0.875 0.914 0.847 0.982 0.974 0.906 0.999 0.999
150 0.893 0.822 0.917 0.925 0.867 0.938 0.966 0.974 0.981 0.998 1.000 1.000 0.962 1.000 1.000
300 0.929 0.819 0.943 0.984 0.972 0.990 0.999 1.000 1.000 0.999 1.000 1.000 0.890 1.000 1.000

0.8 50 0.655 0.737 0.785 0.630 0.730 0.779 0.632 0.768 0.801 0.690 0.977 0.969 0.707 0.999 0.999
150 0.788 0.676 0.821 0.809 0.815 0.870 0.881 0.969 0.966 0.952 1.000 1.000 0.758 1.000 1.000
300 0.828 0.718 0.855 0.910 0.970 0.972 0.981 1.000 1.000 0.925 1.000 1.000 0.472 1.000 1.000

1.0 50 0.523 0.683 0.732 0.525 0.702 0.733 0.527 0.758 0.769 0.556 0.977 0.968 0.534 0.999 0.999
150 0.724 0.635 0.763 0.780 0.811 0.861 0.848 0.969 0.966 0.878 1.000 1.000 0.553 1.000 1.000
300 0.802 0.660 0.809 0.887 0.970 0.969 0.967 1.000 1.000 0.812 1.000 1.000 0.227 1.000 1.000

1.5 50 0.229 0.606 0.609 0.206 0.693 0.669 0.194 0.759 0.733 0.135 0.977 0.964 0.082 0.999 0.999
150 0.452 0.559 0.622 0.457 0.811 0.817 0.444 0.969 0.961 0.282 1.000 1.000 0.096 1.000 1.000
300 0.587 0.583 0.671 0.608 0.970 0.964 0.626 1.000 1.000 0.270 1.000 1.000 0.018 1.000 1.000

5 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.999 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.998 0.999 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000

0.8 50 0.995 0.998 1.000 0.994 0.999 1.000 0.996 1.000 1.000 0.990 1.000 1.000 0.968 1.000 1.000
150 1.000 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.996 1.000 1.000 0.948 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000 0.850 1.000 1.000

1.0 50 0.982 0.997 1.000 0.988 0.998 1.000 0.985 0.998 1.000 0.969 1.000 1.000 0.917 1.000 1.000
150 1.000 0.992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.982 1.000 1.000 0.872 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.976 1.000 1.000 0.671 1.000 1.000

1.5 50 0.905 0.993 1.000 0.902 0.998 1.000 0.885 0.998 1.000 0.820 1.000 1.000 0.705 1.000 1.000
150 0.997 0.977 1.000 0.992 1.000 1.000 0.988 1.000 1.000 0.904 1.000 1.000 0.581 1.000 1.000
300 1.000 0.992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.836 1.000 1.000 0.269 1.000 1.000

10 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.999 1.000 1.000 0.998 0.999 1.000 0.998 1.000 1.000 0.996 1.000 1.000 0.986 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.979 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.963 1.000 1.000

1.0 50 0.992 0.998 1.000 0.995 1.000 1.000 0.995 1.000 1.000 0.986 1.000 1.000 0.960 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 0.938 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000 0.810 1.000 1.000

1.5 50 0.966 0.995 1.000 0.962 1.000 1.000 0.953 1.000 1.000 0.913 1.000 1.000 0.830 1.000 1.000
150 1.000 0.996 1.000 1.000 1.000 1.000 0.998 1.000 1.000 0.950 1.000 1.000 0.740 1.000 1.000
300 1.000 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.915 1.000 1.000 0.449 1.000 1.000
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Table B.7: Case A. Empirical power with one structural break,  = �T�1=2 and w = 0:30

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.001 0.143 0.109 0.000 0.143 0.102 0.000 0.152 0.122 0.000 0.100 0.066 0.000 0.069 0.045

150 0.000 0.092 0.075 0.000 0.097 0.072 0.001 0.052 0.041 0.000 0.017 0.009 0.000 0.034 0.017
300 0.000 0.072 0.055 0.000 0.075 0.052 0.000 0.034 0.020 0.000 0.022 0.009 0.000 0.029 0.010

0.5 50 0.027 0.235 0.196 0.012 0.194 0.151 0.008 0.194 0.153 0.000 0.091 0.061 0.000 0.071 0.051
150 0.011 0.139 0.110 0.003 0.074 0.055 0.000 0.044 0.032 0.000 0.014 0.006 0.000 0.033 0.016
300 0.021 0.116 0.087 0.000 0.042 0.028 0.000 0.030 0.015 0.000 0.022 0.008 0.000 0.029 0.010

0.8 50 0.028 0.182 0.158 0.019 0.164 0.131 0.011 0.144 0.113 0.000 0.090 0.061 0.000 0.072 0.052
150 0.040 0.129 0.115 0.004 0.061 0.043 0.000 0.039 0.027 0.000 0.014 0.007 0.000 0.033 0.016
300 0.034 0.087 0.080 0.000 0.043 0.029 0.000 0.030 0.015 0.000 0.022 0.008 0.000 0.029 0.010

1.0 50 0.019 0.193 0.162 0.010 0.161 0.130 0.004 0.139 0.109 0.000 0.090 0.063 0.000 0.072 0.052
150 0.042 0.123 0.116 0.002 0.061 0.043 0.000 0.039 0.027 0.000 0.014 0.007 0.000 0.033 0.016
300 0.051 0.087 0.090 0.000 0.043 0.029 0.000 0.030 0.015 0.000 0.022 0.008 0.000 0.029 0.010

1.5 50 0.005 0.172 0.142 0.002 0.149 0.119 0.001 0.138 0.107 0.000 0.090 0.063 0.000 0.072 0.052
150 0.024 0.106 0.093 0.000 0.061 0.042 0.000 0.039 0.027 0.000 0.014 0.007 0.000 0.033 0.016
300 0.029 0.079 0.078 0.000 0.043 0.029 0.000 0.031 0.015 0.000 0.022 0.009 0.000 0.029 0.010

5 0.3 50 0.002 0.149 0.118 0.000 0.154 0.118 0.001 0.175 0.140 0.000 0.122 0.086 0.000 0.089 0.061
150 0.000 0.097 0.079 0.000 0.093 0.068 0.001 0.055 0.044 0.000 0.022 0.014 0.000 0.041 0.021
300 0.000 0.074 0.054 0.000 0.070 0.052 0.000 0.037 0.021 0.000 0.027 0.009 0.000 0.042 0.021

0.5 50 0.034 0.217 0.190 0.010 0.189 0.149 0.010 0.191 0.158 0.000 0.102 0.074 0.000 0.089 0.067
150 0.011 0.137 0.112 0.004 0.075 0.054 0.000 0.045 0.032 0.000 0.019 0.010 0.000 0.041 0.021
300 0.021 0.113 0.093 0.000 0.042 0.028 0.000 0.033 0.017 0.000 0.027 0.008 0.000 0.042 0.021

0.8 50 0.034 0.192 0.164 0.025 0.169 0.134 0.012 0.139 0.116 0.000 0.103 0.077 0.000 0.092 0.071
150 0.042 0.129 0.111 0.004 0.058 0.044 0.000 0.042 0.028 0.000 0.019 0.010 0.000 0.041 0.021
300 0.034 0.092 0.082 0.000 0.043 0.029 0.000 0.033 0.016 0.000 0.027 0.008 0.000 0.042 0.021

1.0 50 0.018 0.205 0.170 0.010 0.161 0.130 0.005 0.137 0.110 0.000 0.103 0.078 0.000 0.092 0.071
150 0.044 0.116 0.119 0.002 0.058 0.042 0.000 0.042 0.028 0.000 0.019 0.010 0.000 0.041 0.021
300 0.052 0.090 0.090 0.000 0.043 0.029 0.000 0.033 0.016 0.000 0.027 0.008 0.000 0.042 0.021

1.5 50 0.004 0.194 0.156 0.003 0.154 0.120 0.001 0.136 0.107 0.000 0.103 0.078 0.000 0.092 0.072
150 0.024 0.104 0.090 0.000 0.058 0.041 0.000 0.042 0.028 0.000 0.019 0.010 0.000 0.041 0.022
300 0.029 0.081 0.078 0.000 0.043 0.029 0.000 0.033 0.016 0.000 0.027 0.008 0.000 0.042 0.021

10 0.3 50 0.009 0.189 0.152 0.006 0.180 0.137 0.003 0.218 0.175 0.004 0.180 0.129 0.000 0.176 0.131
150 0.000 0.094 0.074 0.000 0.098 0.071 0.001 0.063 0.047 0.000 0.034 0.024 0.000 0.066 0.040
300 0.000 0.074 0.049 0.000 0.073 0.059 0.000 0.036 0.024 0.000 0.036 0.020 0.000 0.081 0.048

0.5 50 0.039 0.244 0.217 0.023 0.221 0.187 0.015 0.199 0.165 0.001 0.139 0.107 0.000 0.144 0.112
150 0.016 0.140 0.115 0.004 0.080 0.056 0.000 0.051 0.036 0.000 0.031 0.023 0.000 0.066 0.041
300 0.021 0.114 0.095 0.000 0.043 0.028 0.000 0.031 0.018 0.000 0.036 0.018 0.000 0.081 0.047

0.8 50 0.043 0.217 0.197 0.031 0.181 0.158 0.013 0.169 0.136 0.000 0.140 0.107 0.000 0.145 0.117
150 0.042 0.132 0.116 0.003 0.065 0.048 0.000 0.045 0.030 0.000 0.031 0.023 0.000 0.066 0.041
300 0.034 0.089 0.082 0.000 0.043 0.029 0.000 0.030 0.017 0.000 0.036 0.018 0.000 0.081 0.048

1.0 50 0.028 0.221 0.193 0.018 0.186 0.151 0.009 0.171 0.130 0.000 0.140 0.109 0.000 0.145 0.117
150 0.045 0.120 0.117 0.002 0.065 0.047 0.000 0.045 0.031 0.000 0.031 0.023 0.000 0.066 0.041
300 0.051 0.089 0.091 0.000 0.043 0.029 0.000 0.030 0.017 0.000 0.036 0.018 0.000 0.081 0.048

1.5 50 0.010 0.207 0.183 0.007 0.181 0.145 0.002 0.170 0.129 0.000 0.140 0.109 0.000 0.145 0.118
150 0.021 0.105 0.093 0.000 0.065 0.046 0.000 0.045 0.032 0.000 0.031 0.023 0.000 0.066 0.041
300 0.029 0.082 0.078 0.000 0.043 0.030 0.000 0.031 0.017 0.000 0.036 0.018 0.000 0.081 0.049
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Table B.8: Case A. Empirical power with one structural break,  = � and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.003 0.169 0.128 0.001 0.160 0.121 0.002 0.192 0.153 0.000 0.146 0.099 0.000 0.119 0.088

150 0.000 0.093 0.074 0.000 0.100 0.072 0.001 0.063 0.046 0.000 0.046 0.028 0.000 0.085 0.055
300 0.000 0.070 0.057 0.000 0.073 0.057 0.000 0.040 0.032 0.000 0.073 0.037 0.000 0.271 0.181

0.5 50 0.038 0.220 0.186 0.013 0.196 0.157 0.011 0.192 0.149 0.000 0.115 0.088 0.000 0.109 0.076
150 0.016 0.139 0.121 0.004 0.075 0.057 0.000 0.049 0.037 0.000 0.041 0.026 0.000 0.085 0.055
300 0.022 0.115 0.100 0.000 0.045 0.032 0.000 0.036 0.023 0.000 0.073 0.036 0.000 0.271 0.182

0.8 50 0.036 0.209 0.177 0.029 0.176 0.132 0.013 0.147 0.124 0.000 0.115 0.091 0.000 0.111 0.081
150 0.044 0.134 0.122 0.003 0.065 0.046 0.000 0.042 0.031 0.000 0.041 0.026 0.000 0.085 0.056
300 0.037 0.092 0.084 0.000 0.045 0.033 0.000 0.035 0.022 0.000 0.073 0.036 0.000 0.271 0.184

1.0 50 0.024 0.205 0.177 0.012 0.175 0.132 0.006 0.145 0.116 0.000 0.114 0.091 0.000 0.111 0.081
150 0.048 0.122 0.125 0.002 0.065 0.047 0.000 0.042 0.032 0.000 0.041 0.026 0.000 0.085 0.056
300 0.050 0.089 0.091 0.000 0.045 0.033 0.000 0.035 0.022 0.000 0.073 0.036 0.000 0.271 0.184

1.5 50 0.006 0.198 0.161 0.005 0.166 0.121 0.002 0.145 0.116 0.000 0.114 0.091 0.000 0.111 0.081
150 0.020 0.109 0.098 0.000 0.065 0.046 0.000 0.042 0.033 0.000 0.041 0.026 0.000 0.085 0.056
300 0.031 0.085 0.077 0.000 0.045 0.033 0.000 0.035 0.023 0.000 0.073 0.036 0.000 0.271 0.184

5 0.3 50 0.667 0.899 0.866 0.680 0.909 0.900 0.675 0.939 0.921 0.663 0.968 0.934 0.651 0.989 0.975
150 0.219 0.502 0.447 0.176 0.568 0.516 0.165 0.619 0.557 0.045 0.967 0.951 0.042 0.964 0.957
300 0.104 0.287 0.250 0.085 0.373 0.322 0.021 0.565 0.507 0.000 0.984 0.977 0.000 0.970 0.967

0.5 50 0.430 0.646 0.627 0.417 0.661 0.643 0.396 0.663 0.651 0.347 0.844 0.794 0.341 0.960 0.940
150 0.158 0.348 0.333 0.092 0.317 0.290 0.039 0.442 0.390 0.004 0.958 0.940 0.000 0.964 0.961
300 0.085 0.237 0.213 0.012 0.265 0.223 0.000 0.519 0.455 0.000 0.984 0.978 0.000 0.970 0.966

0.8 50 0.300 0.562 0.539 0.278 0.538 0.520 0.264 0.571 0.548 0.224 0.830 0.785 0.179 0.958 0.941
150 0.131 0.263 0.267 0.054 0.281 0.251 0.015 0.440 0.378 0.000 0.958 0.940 0.000 0.964 0.961
300 0.075 0.194 0.193 0.003 0.257 0.215 0.000 0.519 0.453 0.000 0.984 0.978 0.000 0.970 0.966

1.0 50 0.221 0.523 0.505 0.206 0.512 0.477 0.188 0.564 0.535 0.135 0.830 0.786 0.075 0.958 0.942
150 0.124 0.243 0.245 0.049 0.278 0.249 0.013 0.440 0.381 0.000 0.958 0.941 0.000 0.964 0.961
300 0.091 0.182 0.179 0.002 0.257 0.215 0.000 0.519 0.453 0.000 0.984 0.977 0.000 0.970 0.966

1.5 50 0.081 0.452 0.425 0.064 0.503 0.451 0.055 0.565 0.518 0.017 0.830 0.787 0.001 0.958 0.943
150 0.064 0.214 0.194 0.013 0.278 0.245 0.002 0.440 0.382 0.000 0.958 0.943 0.000 0.964 0.961
300 0.046 0.174 0.163 0.000 0.257 0.215 0.000 0.519 0.456 0.000 0.984 0.978 0.000 0.970 0.966

10 0.3 50 0.998 1.000 1.000 0.998 1.000 1.000 0.998 1.000 1.000 0.998 1.000 1.000 0.995 1.000 1.000
150 0.955 0.959 0.964 0.958 0.975 0.981 0.977 0.988 0.987 1.000 1.000 1.000 1.000 1.000 1.000
300 0.702 0.770 0.766 0.729 0.896 0.884 0.803 0.986 0.976 0.952 1.000 1.000 0.990 1.000 1.000

0.5 50 0.988 0.942 0.996 0.985 0.968 0.999 0.992 0.975 0.997 0.994 0.997 1.000 0.985 1.000 1.000
150 0.710 0.714 0.781 0.727 0.756 0.814 0.760 0.914 0.913 0.939 1.000 1.000 0.942 1.000 1.000
300 0.354 0.487 0.501 0.315 0.723 0.684 0.205 0.969 0.953 0.181 1.000 1.000 0.474 1.000 1.000

0.8 50 0.920 0.885 0.971 0.912 0.889 0.966 0.929 0.922 0.972 0.943 0.998 1.000 0.885 1.000 1.000
150 0.582 0.558 0.646 0.536 0.685 0.709 0.555 0.907 0.893 0.688 1.000 1.000 0.607 1.000 1.000
300 0.273 0.372 0.393 0.128 0.710 0.663 0.042 0.968 0.952 0.007 1.000 1.000 0.000 1.000 1.000

1.0 50 0.852 0.854 0.946 0.858 0.864 0.949 0.865 0.917 0.967 0.853 0.998 1.000 0.766 1.000 1.000
150 0.524 0.512 0.582 0.501 0.681 0.698 0.506 0.907 0.891 0.559 1.000 1.000 0.370 1.000 1.000
300 0.264 0.332 0.350 0.106 0.710 0.663 0.030 0.968 0.952 0.000 1.000 1.000 0.000 1.000 1.000

1.5 50 0.504 0.791 0.857 0.499 0.849 0.905 0.494 0.915 0.944 0.441 0.998 0.997 0.331 1.000 1.000
150 0.290 0.454 0.472 0.219 0.681 0.663 0.150 0.907 0.884 0.021 1.000 1.000 0.001 1.000 1.000
300 0.148 0.291 0.287 0.017 0.710 0.660 0.001 0.968 0.952 0.000 1.000 1.000 0.000 1.000 1.000

8



Table B.9: Case A. Empirical power with two structural breaks,  = �T 1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.995 0.994 1.000 0.994 0.998 0.999 0.994 0.998 1.000 0.998 1.000 0.999 0.998 1.000 1.000

150 1.000 0.992 1.000 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.986 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000

0.5 50 0.973 0.953 0.993 0.977 0.963 0.992 0.975 0.966 0.990 0.973 0.982 0.990 0.970 0.998 0.998
150 1.000 0.918 1.000 1.000 0.945 1.000 1.000 0.983 0.999 0.996 1.000 1.000 0.977 1.000 1.000
300 1.000 0.897 1.000 1.000 0.973 0.999 1.000 1.000 1.000 0.999 1.000 1.000 0.908 1.000 1.000

0.8 50 0.896 0.902 0.959 0.894 0.919 0.958 0.897 0.932 0.965 0.899 0.978 0.985 0.887 0.998 0.998
150 0.997 0.845 0.992 0.998 0.914 0.998 0.999 0.975 0.996 0.966 1.000 1.000 0.802 1.000 1.000
300 0.998 0.813 0.991 0.999 0.971 0.999 1.000 1.000 1.000 0.948 1.000 1.000 0.531 1.000 1.000

1.0 50 0.807 0.894 0.933 0.825 0.903 0.948 0.820 0.930 0.957 0.798 0.978 0.982 0.747 0.998 0.996
150 0.992 0.817 0.982 0.993 0.910 0.993 0.989 0.975 0.994 0.899 1.000 1.000 0.611 1.000 1.000
300 0.996 0.769 0.983 0.999 0.971 0.999 0.998 1.000 1.000 0.854 1.000 1.000 0.282 1.000 1.000

1.5 50 0.426 0.862 0.878 0.430 0.902 0.910 0.416 0.929 0.929 0.350 0.978 0.974 0.266 0.998 0.997
150 0.794 0.770 0.908 0.772 0.911 0.965 0.726 0.975 0.990 0.451 1.000 1.000 0.185 1.000 1.000
300 0.912 0.726 0.920 0.903 0.971 0.994 0.858 1.000 1.000 0.382 1.000 1.000 0.035 1.000 1.000

5 0.3 50 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.999 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.996 0.999 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
150 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.993 0.999 1.000 0.994 0.999 1.000 0.996 1.000 1.000 0.982 1.000 1.000 0.972 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 0.969 1.000 1.000
300 1.000 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.907 1.000 1.000

1.0 50 0.972 0.999 1.000 0.978 0.999 1.000 0.981 1.000 1.000 0.956 1.000 1.000 0.942 1.000 1.000
150 1.000 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.986 1.000 1.000 0.919 1.000 1.000
300 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.976 1.000 1.000 0.755 1.000 1.000

1.5 50 0.856 0.995 1.000 0.858 0.999 1.000 0.838 1.000 1.000 0.772 1.000 1.000 0.710 1.000 1.000
150 0.997 0.992 1.000 0.994 1.000 1.000 0.985 1.000 1.000 0.899 1.000 1.000 0.662 1.000 1.000
300 1.000 0.992 1.000 0.999 1.000 1.000 0.998 1.000 1.000 0.840 1.000 1.000 0.311 1.000 1.000

10 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.997 1.000 1.000 0.997 1.000 1.000 0.998 1.000 1.000 0.995 1.000 1.000 0.986 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.989 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.975 1.000 1.000

1.0 50 0.988 1.000 1.000 0.993 1.000 1.000 0.994 1.000 1.000 0.979 1.000 1.000 0.968 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.993 1.000 1.000 0.959 1.000 1.000
300 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000 0.878 1.000 1.000

1.5 50 0.947 0.999 1.000 0.935 1.000 1.000 0.923 1.000 1.000 0.881 1.000 1.000 0.834 1.000 1.000
150 0.999 0.998 1.000 0.999 1.000 1.000 0.995 1.000 1.000 0.954 1.000 1.000 0.804 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.927 1.000 1.000 0.503 1.000 1.000
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Table B.10: Case A. Empirical power with two structural breaks,  = �T�1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.015 0.176 0.131 0.013 0.154 0.129 0.010 0.166 0.128 0.005 0.132 0.092 0.001 0.093 0.052

150 0.003 0.086 0.071 0.000 0.074 0.050 0.001 0.050 0.035 0.000 0.026 0.011 0.000 0.040 0.015
300 0.000 0.055 0.046 0.000 0.034 0.027 0.000 0.024 0.019 0.000 0.021 0.014 0.000 0.034 0.017

0.5 50 0.044 0.184 0.141 0.024 0.164 0.130 0.020 0.156 0.114 0.004 0.109 0.079 0.001 0.088 0.055
150 0.029 0.088 0.078 0.013 0.053 0.042 0.001 0.038 0.034 0.000 0.028 0.017 0.000 0.044 0.018
300 0.041 0.060 0.059 0.000 0.025 0.016 0.000 0.023 0.020 0.000 0.021 0.014 0.000 0.034 0.018

0.8 50 0.020 0.142 0.114 0.012 0.147 0.119 0.013 0.143 0.099 0.003 0.103 0.079 0.000 0.091 0.060
150 0.038 0.068 0.071 0.015 0.046 0.037 0.002 0.036 0.030 0.000 0.028 0.019 0.000 0.044 0.018
300 0.053 0.050 0.056 0.001 0.025 0.015 0.000 0.023 0.020 0.000 0.021 0.014 0.000 0.034 0.018

1.0 50 0.004 0.139 0.109 0.005 0.136 0.103 0.008 0.137 0.096 0.000 0.104 0.078 0.000 0.091 0.061
150 0.042 0.054 0.059 0.012 0.046 0.038 0.001 0.036 0.030 0.000 0.028 0.019 0.000 0.044 0.018
300 0.073 0.041 0.068 0.001 0.025 0.017 0.000 0.023 0.020 0.000 0.021 0.014 0.000 0.034 0.018

1.5 50 0.002 0.130 0.102 0.001 0.131 0.098 0.001 0.137 0.096 0.000 0.104 0.079 0.000 0.091 0.061
150 0.011 0.039 0.033 0.001 0.046 0.034 0.000 0.036 0.030 0.000 0.028 0.019 0.000 0.044 0.018
300 0.022 0.034 0.036 0.000 0.025 0.016 0.000 0.023 0.020 0.000 0.021 0.015 0.000 0.034 0.018

5 0.3 50 0.014 0.181 0.137 0.012 0.168 0.139 0.011 0.174 0.135 0.004 0.127 0.088 0.002 0.085 0.057
150 0.003 0.086 0.066 0.000 0.070 0.055 0.001 0.048 0.035 0.000 0.033 0.014 0.000 0.041 0.018
300 0.000 0.057 0.046 0.000 0.035 0.026 0.000 0.023 0.019 0.000 0.021 0.015 0.000 0.036 0.020

0.5 50 0.050 0.190 0.158 0.028 0.179 0.131 0.020 0.162 0.125 0.007 0.116 0.085 0.001 0.092 0.063
150 0.028 0.092 0.079 0.012 0.057 0.046 0.002 0.038 0.035 0.000 0.032 0.014 0.000 0.044 0.019
300 0.041 0.062 0.057 0.000 0.023 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

0.8 50 0.022 0.149 0.122 0.017 0.152 0.127 0.012 0.137 0.098 0.001 0.112 0.083 0.000 0.093 0.065
150 0.038 0.072 0.073 0.013 0.048 0.037 0.003 0.037 0.033 0.000 0.032 0.015 0.000 0.044 0.020
300 0.053 0.051 0.059 0.001 0.022 0.015 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

1.0 50 0.007 0.139 0.110 0.006 0.137 0.112 0.007 0.126 0.091 0.000 0.112 0.084 0.000 0.093 0.066
150 0.042 0.054 0.058 0.012 0.048 0.038 0.001 0.037 0.032 0.000 0.032 0.015 0.000 0.044 0.022
300 0.074 0.042 0.068 0.001 0.022 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

1.5 50 0.002 0.140 0.114 0.001 0.134 0.108 0.001 0.127 0.093 0.000 0.112 0.086 0.000 0.093 0.066
150 0.010 0.041 0.037 0.001 0.048 0.036 0.000 0.037 0.032 0.000 0.032 0.015 0.000 0.044 0.022
300 0.021 0.035 0.035 0.000 0.022 0.016 0.000 0.022 0.020 0.000 0.021 0.015 0.000 0.036 0.019

10 0.3 50 0.033 0.192 0.155 0.033 0.205 0.161 0.022 0.205 0.158 0.009 0.142 0.103 0.005 0.114 0.089
150 0.003 0.089 0.067 0.000 0.074 0.053 0.001 0.047 0.032 0.000 0.035 0.017 0.000 0.052 0.028
300 0.000 0.057 0.042 0.000 0.034 0.024 0.000 0.023 0.019 0.000 0.022 0.016 0.000 0.040 0.021

0.5 50 0.060 0.211 0.177 0.046 0.196 0.153 0.030 0.181 0.136 0.011 0.132 0.096 0.003 0.112 0.080
150 0.024 0.090 0.075 0.010 0.054 0.048 0.002 0.042 0.031 0.000 0.037 0.018 0.000 0.055 0.028
300 0.041 0.063 0.058 0.000 0.023 0.014 0.000 0.021 0.018 0.000 0.022 0.016 0.000 0.040 0.022

0.8 50 0.038 0.160 0.130 0.024 0.170 0.130 0.018 0.151 0.111 0.004 0.128 0.090 0.000 0.113 0.083
150 0.039 0.075 0.076 0.012 0.046 0.035 0.002 0.040 0.030 0.000 0.037 0.019 0.000 0.055 0.028
300 0.056 0.052 0.060 0.001 0.022 0.013 0.000 0.021 0.018 0.000 0.022 0.017 0.000 0.040 0.023

1.0 50 0.014 0.158 0.130 0.013 0.161 0.125 0.011 0.148 0.107 0.002 0.129 0.091 0.000 0.113 0.083
150 0.042 0.055 0.060 0.012 0.047 0.037 0.002 0.040 0.029 0.000 0.037 0.019 0.000 0.055 0.029
300 0.076 0.042 0.066 0.001 0.022 0.014 0.000 0.021 0.018 0.000 0.022 0.017 0.000 0.040 0.023

1.5 50 0.002 0.159 0.133 0.003 0.159 0.127 0.002 0.150 0.107 0.000 0.129 0.092 0.000 0.114 0.084
150 0.009 0.045 0.037 0.001 0.047 0.033 0.000 0.040 0.029 0.000 0.037 0.019 0.000 0.055 0.029
300 0.022 0.038 0.035 0.000 0.022 0.013 0.000 0.021 0.018 0.000 0.022 0.018 0.000 0.040 0.023
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Table B.11: Case A. Empirical power with two structural breaks,  = � and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.028 0.195 0.154 0.022 0.196 0.157 0.027 0.193 0.146 0.014 0.166 0.123 0.009 0.119 0.082

150 0.001 0.076 0.062 0.002 0.082 0.058 0.001 0.056 0.040 0.000 0.041 0.027 0.000 0.088 0.054
300 0.004 0.056 0.044 0.000 0.040 0.031 0.000 0.023 0.017 0.000 0.035 0.017 0.000 0.117 0.067

0.5 50 0.050 0.199 0.164 0.032 0.183 0.144 0.021 0.182 0.133 0.008 0.134 0.108 0.004 0.117 0.084
150 0.030 0.093 0.078 0.014 0.063 0.045 0.000 0.046 0.034 0.000 0.041 0.028 0.000 0.090 0.052
300 0.042 0.062 0.061 0.001 0.026 0.019 0.000 0.020 0.015 0.000 0.035 0.017 0.000 0.117 0.069

0.8 50 0.023 0.160 0.124 0.021 0.157 0.121 0.018 0.154 0.130 0.002 0.134 0.108 0.000 0.122 0.088
150 0.049 0.070 0.076 0.014 0.052 0.036 0.000 0.040 0.029 0.000 0.041 0.028 0.000 0.090 0.056
300 0.051 0.046 0.058 0.001 0.026 0.019 0.000 0.020 0.014 0.000 0.035 0.017 0.000 0.117 0.071

1.0 50 0.010 0.156 0.120 0.007 0.155 0.118 0.007 0.147 0.124 0.000 0.134 0.108 0.000 0.122 0.089
150 0.053 0.063 0.064 0.011 0.050 0.039 0.001 0.040 0.029 0.000 0.041 0.029 0.000 0.090 0.056
300 0.075 0.041 0.065 0.001 0.026 0.020 0.000 0.020 0.014 0.000 0.035 0.017 0.000 0.117 0.073

1.5 50 0.004 0.145 0.110 0.001 0.151 0.115 0.001 0.147 0.128 0.000 0.134 0.109 0.000 0.123 0.089
150 0.015 0.050 0.041 0.001 0.050 0.036 0.000 0.040 0.030 0.000 0.041 0.029 0.000 0.090 0.056
300 0.025 0.033 0.037 0.000 0.026 0.019 0.000 0.020 0.014 0.000 0.035 0.017 0.000 0.117 0.072

5 0.3 50 0.767 0.760 0.827 0.784 0.792 0.844 0.788 0.820 0.848 0.738 0.828 0.829 0.718 0.909 0.874
150 0.237 0.324 0.315 0.199 0.382 0.368 0.196 0.392 0.351 0.141 0.827 0.777 0.156 0.973 0.960
300 0.108 0.139 0.133 0.100 0.170 0.156 0.050 0.259 0.210 0.003 0.955 0.939 0.027 0.996 0.992

0.5 50 0.582 0.561 0.639 0.586 0.590 0.653 0.554 0.591 0.645 0.516 0.666 0.657 0.532 0.826 0.792
150 0.168 0.205 0.225 0.117 0.191 0.193 0.092 0.242 0.207 0.053 0.813 0.766 0.091 0.972 0.969
300 0.095 0.109 0.131 0.030 0.108 0.092 0.002 0.221 0.177 0.001 0.955 0.942 0.000 0.996 0.993

0.8 50 0.432 0.453 0.513 0.403 0.466 0.501 0.400 0.492 0.502 0.403 0.648 0.621 0.415 0.822 0.781
150 0.175 0.143 0.191 0.112 0.165 0.166 0.080 0.238 0.200 0.032 0.813 0.767 0.008 0.972 0.969
300 0.110 0.077 0.113 0.020 0.106 0.088 0.004 0.221 0.177 0.000 0.955 0.942 0.000 0.996 0.993

1.0 50 0.297 0.417 0.437 0.292 0.448 0.449 0.278 0.488 0.480 0.262 0.648 0.597 0.257 0.822 0.775
150 0.170 0.124 0.170 0.107 0.165 0.163 0.079 0.238 0.199 0.012 0.813 0.767 0.002 0.972 0.970
300 0.135 0.069 0.116 0.025 0.106 0.088 0.002 0.221 0.177 0.000 0.955 0.942 0.000 0.996 0.993

1.5 50 0.081 0.356 0.331 0.081 0.434 0.395 0.076 0.489 0.439 0.043 0.649 0.574 0.031 0.823 0.771
150 0.060 0.101 0.101 0.034 0.165 0.141 0.016 0.238 0.188 0.001 0.813 0.768 0.000 0.972 0.970
300 0.046 0.055 0.060 0.003 0.106 0.084 0.000 0.221 0.178 0.000 0.955 0.943 0.000 0.996 0.994

10 0.3 50 0.997 0.993 1.000 0.993 0.996 0.999 0.995 0.998 1.000 0.998 1.000 1.000 0.999 1.000 0.999
150 0.975 0.894 0.970 0.980 0.915 0.981 0.987 0.945 0.983 0.999 1.000 1.000 1.000 1.000 1.000
300 0.748 0.536 0.714 0.767 0.690 0.765 0.803 0.889 0.883 0.974 1.000 1.000 0.997 1.000 1.000

0.5 50 0.988 0.938 0.998 0.990 0.954 1.000 0.995 0.953 0.997 0.992 0.982 0.999 0.983 1.000 1.000
150 0.863 0.624 0.868 0.863 0.654 0.858 0.871 0.794 0.895 0.970 1.000 1.000 0.969 1.000 1.000
300 0.460 0.328 0.460 0.450 0.477 0.550 0.410 0.850 0.813 0.588 1.000 1.000 0.791 1.000 1.000

0.8 50 0.932 0.884 0.989 0.936 0.885 0.987 0.948 0.895 0.991 0.929 0.980 0.997 0.910 1.000 1.000
150 0.807 0.472 0.773 0.787 0.567 0.779 0.819 0.780 0.863 0.904 1.000 1.000 0.792 1.000 1.000
300 0.435 0.226 0.396 0.369 0.465 0.503 0.336 0.850 0.810 0.435 1.000 1.000 0.285 1.000 1.000

1.0 50 0.854 0.854 0.974 0.868 0.858 0.974 0.868 0.896 0.980 0.835 0.980 0.994 0.777 1.000 1.000
150 0.768 0.415 0.742 0.785 0.563 0.769 0.809 0.780 0.865 0.826 1.000 1.000 0.595 1.000 1.000
300 0.462 0.212 0.394 0.395 0.465 0.503 0.364 0.850 0.811 0.295 1.000 1.000 0.070 1.000 1.000

1.5 50 0.520 0.815 0.888 0.493 0.852 0.912 0.471 0.895 0.931 0.401 0.980 0.983 0.345 1.000 0.999
150 0.398 0.360 0.485 0.393 0.563 0.615 0.361 0.780 0.783 0.218 1.000 1.000 0.078 1.000 1.000
300 0.215 0.170 0.241 0.141 0.465 0.442 0.075 0.850 0.808 0.001 1.000 1.000 0.000 1.000 1.000
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Table B.12: Case A. Empirical power with two structural breaks,  = �T 1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.997 0.993 1.000 0.996 0.999 0.999 0.993 0.999 0.999 0.996 1.000 1.000 0.991 1.000 1.000

150 1.000 0.995 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.997 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000

0.5 50 0.963 0.854 0.966 0.962 0.877 0.971 0.958 0.900 0.973 0.955 0.983 0.990 0.958 1.000 1.000
150 0.997 0.802 0.986 0.995 0.912 0.990 0.999 0.989 0.999 0.995 1.000 1.000 0.945 1.000 1.000
300 1.000 0.795 0.988 1.000 0.981 0.999 1.000 1.000 1.000 1.000 1.000 1.000 0.815 1.000 1.000

0.8 50 0.846 0.720 0.855 0.836 0.756 0.864 0.841 0.807 0.876 0.825 0.979 0.979 0.784 1.000 1.000
150 0.956 0.673 0.929 0.964 0.871 0.958 0.977 0.981 0.994 0.961 1.000 1.000 0.699 1.000 1.000
300 0.965 0.660 0.941 0.992 0.978 0.990 0.999 1.000 1.000 0.910 1.000 1.000 0.368 1.000 1.000

1.0 50 0.755 0.679 0.808 0.758 0.726 0.836 0.749 0.797 0.859 0.714 0.978 0.980 0.642 1.000 1.000
150 0.930 0.633 0.895 0.955 0.869 0.942 0.963 0.981 0.993 0.888 1.000 1.000 0.503 1.000 1.000
300 0.952 0.615 0.904 0.982 0.978 0.989 0.995 1.000 1.000 0.798 1.000 1.000 0.169 1.000 1.000

1.5 50 0.415 0.620 0.674 0.418 0.710 0.755 0.383 0.797 0.814 0.275 0.978 0.975 0.183 1.000 1.000
150 0.712 0.542 0.746 0.728 0.869 0.906 0.682 0.981 0.989 0.404 1.000 1.000 0.109 1.000 1.000
300 0.831 0.516 0.783 0.856 0.978 0.981 0.806 1.000 1.000 0.295 1.000 1.000 0.013 1.000 1.000

5 0.3 50 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.997 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.997 0.999 1.000 0.999 0.999 1.000 0.997 1.000 1.000 0.998 1.000 1.000 0.993 1.000 1.000
150 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000

0.8 50 0.998 0.995 1.000 0.997 0.999 1.000 0.996 0.998 1.000 0.987 1.000 1.000 0.956 1.000 1.000
150 1.000 0.989 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.990 1.000 1.000 0.921 1.000 1.000
300 1.000 0.988 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.751 1.000 1.000

1.0 50 0.990 0.992 1.000 0.990 0.996 1.000 0.987 1.000 1.000 0.969 1.000 1.000 0.899 1.000 1.000
150 1.000 0.993 1.000 1.000 0.999 1.000 0.999 1.000 1.000 0.981 1.000 1.000 0.828 1.000 1.000
300 1.000 0.982 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.963 1.000 1.000 0.551 1.000 1.000

1.5 50 0.938 0.985 1.000 0.927 0.995 1.000 0.909 1.000 1.000 0.836 1.000 1.000 0.723 1.000 1.000
150 1.000 0.985 1.000 0.997 0.999 1.000 0.987 1.000 1.000 0.901 1.000 1.000 0.536 1.000 1.000
300 1.000 0.972 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.813 1.000 1.000 0.200 1.000 1.000

10 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.999 1.000 1.000 0.999 1.000 1.000 0.997 1.000 1.000 0.998 1.000 1.000 0.995 1.000 1.000
150 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 1.000 0.999 1.000 0.998 1.000 1.000 0.997 1.000 1.000 0.989 1.000 1.000 0.974 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.979 1.000 1.000
300 1.000 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.909 1.000 1.000

1.0 50 0.995 0.996 1.000 0.996 1.000 1.000 0.994 1.000 1.000 0.984 1.000 1.000 0.942 1.000 1.000
150 1.000 0.997 1.000 1.000 0.999 1.000 1.000 1.000 1.000 0.990 1.000 1.000 0.903 1.000 1.000
300 1.000 0.996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.992 1.000 1.000 0.704 1.000 1.000

1.5 50 0.977 0.993 1.000 0.968 1.000 1.000 0.956 1.000 1.000 0.904 1.000 1.000 0.819 1.000 1.000
150 1.000 0.995 1.000 1.000 0.999 1.000 0.998 1.000 1.000 0.951 1.000 1.000 0.678 1.000 1.000
300 1.000 0.990 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.891 1.000 1.000 0.331 1.000 1.000
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Table B.13: Case A. Empirical power with two structural breaks,  = �T�1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.001 0.140 0.105 0.000 0.146 0.103 0.000 0.155 0.119 0.000 0.107 0.076 0.000 0.067 0.045

150 0.000 0.093 0.075 0.000 0.093 0.072 0.001 0.054 0.043 0.000 0.021 0.008 0.000 0.038 0.020
300 0.000 0.073 0.056 0.000 0.075 0.053 0.000 0.033 0.021 0.000 0.023 0.009 0.000 0.031 0.012

0.5 50 0.025 0.235 0.200 0.011 0.192 0.151 0.010 0.200 0.162 0.000 0.091 0.061 0.000 0.073 0.049
150 0.010 0.138 0.111 0.003 0.076 0.055 0.000 0.044 0.031 0.000 0.018 0.008 0.000 0.037 0.019
300 0.021 0.115 0.089 0.000 0.041 0.028 0.000 0.029 0.015 0.000 0.023 0.008 0.000 0.031 0.012

0.8 50 0.028 0.178 0.159 0.019 0.170 0.137 0.009 0.142 0.117 0.000 0.089 0.059 0.000 0.074 0.050
150 0.040 0.124 0.113 0.005 0.064 0.042 0.000 0.039 0.027 0.000 0.018 0.008 0.000 0.037 0.019
300 0.034 0.086 0.078 0.000 0.042 0.029 0.000 0.029 0.016 0.000 0.023 0.008 0.000 0.031 0.012

1.0 50 0.019 0.202 0.170 0.008 0.164 0.136 0.003 0.135 0.112 0.000 0.089 0.060 0.000 0.074 0.050
150 0.041 0.120 0.119 0.002 0.064 0.043 0.000 0.039 0.027 0.000 0.018 0.008 0.000 0.037 0.019
300 0.052 0.087 0.090 0.000 0.042 0.029 0.000 0.029 0.016 0.000 0.023 0.008 0.000 0.031 0.012

1.5 50 0.006 0.169 0.137 0.002 0.152 0.122 0.001 0.136 0.110 0.000 0.089 0.062 0.000 0.074 0.051
150 0.024 0.103 0.093 0.000 0.064 0.042 0.000 0.039 0.027 0.000 0.018 0.008 0.000 0.037 0.019
300 0.028 0.079 0.078 0.000 0.042 0.029 0.000 0.029 0.016 0.000 0.023 0.008 0.000 0.031 0.012

5 0.3 50 0.003 0.160 0.132 0.002 0.148 0.118 0.001 0.180 0.135 0.002 0.128 0.096 0.000 0.117 0.086
150 0.000 0.093 0.074 0.000 0.089 0.067 0.001 0.061 0.048 0.000 0.028 0.015 0.000 0.064 0.031
300 0.000 0.073 0.057 0.000 0.071 0.054 0.000 0.032 0.023 0.000 0.026 0.009 0.000 0.043 0.021

0.5 50 0.021 0.219 0.180 0.013 0.190 0.163 0.009 0.197 0.156 0.000 0.115 0.082 0.000 0.099 0.071
150 0.017 0.134 0.105 0.004 0.074 0.055 0.000 0.048 0.033 0.000 0.026 0.014 0.000 0.065 0.032
300 0.024 0.117 0.094 0.000 0.042 0.029 0.000 0.028 0.016 0.000 0.026 0.009 0.000 0.043 0.021

0.8 50 0.029 0.174 0.155 0.017 0.173 0.134 0.012 0.150 0.122 0.000 0.112 0.077 0.000 0.103 0.076
150 0.041 0.125 0.105 0.002 0.064 0.047 0.000 0.043 0.028 0.000 0.026 0.015 0.000 0.065 0.032
300 0.036 0.087 0.082 0.000 0.045 0.030 0.000 0.028 0.015 0.000 0.026 0.009 0.000 0.043 0.021

1.0 50 0.023 0.198 0.164 0.015 0.162 0.123 0.003 0.149 0.117 0.000 0.112 0.077 0.000 0.103 0.076
150 0.043 0.122 0.115 0.001 0.065 0.047 0.000 0.043 0.028 0.000 0.026 0.015 0.000 0.065 0.032
300 0.054 0.087 0.089 0.000 0.045 0.030 0.000 0.028 0.015 0.000 0.026 0.009 0.000 0.043 0.022

1.5 50 0.006 0.176 0.144 0.002 0.157 0.114 0.001 0.149 0.115 0.000 0.112 0.080 0.000 0.103 0.076
150 0.023 0.103 0.086 0.000 0.065 0.046 0.000 0.043 0.028 0.000 0.026 0.015 0.000 0.065 0.032
300 0.028 0.080 0.076 0.000 0.045 0.030 0.000 0.028 0.015 0.000 0.026 0.009 0.000 0.043 0.022

10 0.3 50 0.017 0.225 0.167 0.012 0.233 0.190 0.010 0.230 0.178 0.003 0.228 0.179 0.001 0.230 0.176
150 0.000 0.098 0.083 0.000 0.089 0.069 0.001 0.074 0.054 0.000 0.068 0.046 0.000 0.130 0.087
300 0.000 0.075 0.058 0.000 0.070 0.054 0.000 0.036 0.024 0.000 0.042 0.022 0.000 0.128 0.070

0.5 50 0.041 0.217 0.184 0.020 0.218 0.172 0.022 0.204 0.168 0.004 0.162 0.126 0.000 0.188 0.150
150 0.021 0.125 0.113 0.008 0.071 0.058 0.000 0.056 0.043 0.000 0.071 0.045 0.000 0.130 0.087
300 0.027 0.115 0.098 0.000 0.044 0.028 0.000 0.030 0.019 0.000 0.041 0.022 0.000 0.128 0.070

0.8 50 0.035 0.183 0.156 0.025 0.181 0.150 0.024 0.156 0.132 0.000 0.161 0.128 0.000 0.189 0.151
150 0.043 0.113 0.108 0.002 0.065 0.053 0.000 0.051 0.037 0.000 0.071 0.045 0.000 0.130 0.090
300 0.038 0.088 0.080 0.000 0.044 0.029 0.000 0.029 0.018 0.000 0.041 0.023 0.000 0.128 0.071

1.0 50 0.035 0.192 0.162 0.025 0.168 0.129 0.010 0.153 0.120 0.000 0.161 0.128 0.000 0.189 0.152
150 0.042 0.117 0.110 0.002 0.065 0.052 0.000 0.051 0.037 0.000 0.071 0.046 0.000 0.130 0.091
300 0.057 0.086 0.089 0.000 0.044 0.029 0.000 0.029 0.018 0.000 0.041 0.023 0.000 0.128 0.071

1.5 50 0.009 0.185 0.158 0.005 0.158 0.119 0.001 0.150 0.117 0.000 0.161 0.130 0.000 0.188 0.153
150 0.024 0.100 0.085 0.001 0.065 0.051 0.000 0.051 0.037 0.000 0.071 0.046 0.000 0.130 0.091
300 0.027 0.078 0.073 0.000 0.044 0.030 0.000 0.029 0.019 0.000 0.041 0.023 0.000 0.128 0.073
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Table B.14: Case A. Empirical power with two structural breaks,  = � and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.005 0.171 0.135 0.008 0.180 0.134 0.005 0.189 0.148 0.004 0.162 0.115 0.000 0.149 0.103

150 0.000 0.102 0.087 0.000 0.093 0.073 0.001 0.071 0.055 0.000 0.077 0.054 0.000 0.177 0.113
300 0.000 0.070 0.059 0.000 0.069 0.057 0.000 0.043 0.032 0.000 0.100 0.059 0.000 0.351 0.246

0.5 50 0.030 0.218 0.179 0.017 0.201 0.162 0.013 0.202 0.153 0.002 0.134 0.091 0.000 0.133 0.094
150 0.023 0.119 0.108 0.009 0.076 0.061 0.000 0.062 0.043 0.000 0.079 0.054 0.000 0.177 0.113
300 0.032 0.112 0.095 0.000 0.044 0.030 0.000 0.035 0.027 0.000 0.100 0.058 0.000 0.351 0.246

0.8 50 0.033 0.183 0.161 0.019 0.184 0.144 0.016 0.153 0.122 0.000 0.131 0.086 0.000 0.137 0.099
150 0.045 0.115 0.106 0.003 0.067 0.053 0.000 0.056 0.038 0.000 0.079 0.054 0.000 0.177 0.114
300 0.041 0.084 0.081 0.000 0.043 0.031 0.000 0.035 0.027 0.000 0.100 0.058 0.000 0.351 0.249

1.0 50 0.027 0.190 0.161 0.018 0.176 0.128 0.004 0.153 0.119 0.000 0.131 0.087 0.000 0.137 0.099
150 0.046 0.119 0.110 0.004 0.067 0.052 0.000 0.056 0.039 0.000 0.079 0.055 0.000 0.177 0.114
300 0.055 0.086 0.091 0.000 0.043 0.031 0.000 0.035 0.027 0.000 0.100 0.059 0.000 0.351 0.249

1.5 50 0.006 0.181 0.151 0.003 0.161 0.120 0.001 0.152 0.119 0.000 0.131 0.088 0.000 0.138 0.100
150 0.025 0.099 0.092 0.001 0.067 0.051 0.000 0.056 0.039 0.000 0.079 0.055 0.000 0.177 0.114
300 0.027 0.076 0.073 0.000 0.043 0.031 0.000 0.035 0.027 0.000 0.100 0.058 0.000 0.351 0.250

5 0.3 50 0.874 0.942 0.946 0.878 0.954 0.951 0.882 0.960 0.951 0.861 0.979 0.974 0.873 0.989 0.988
150 0.370 0.568 0.547 0.357 0.669 0.646 0.327 0.747 0.700 0.079 0.983 0.978 0.104 0.976 0.974
300 0.208 0.301 0.287 0.140 0.443 0.376 0.045 0.711 0.635 0.000 0.978 0.975 0.000 0.965 0.961

0.5 50 0.626 0.684 0.717 0.615 0.716 0.730 0.606 0.732 0.739 0.530 0.886 0.864 0.482 0.967 0.965
150 0.230 0.316 0.336 0.201 0.362 0.353 0.091 0.548 0.488 0.011 0.981 0.976 0.002 0.977 0.974
300 0.132 0.181 0.186 0.024 0.297 0.227 0.000 0.650 0.559 0.000 0.977 0.974 0.000 0.965 0.961

0.8 50 0.475 0.544 0.568 0.443 0.581 0.608 0.443 0.625 0.646 0.351 0.879 0.841 0.286 0.966 0.966
150 0.200 0.241 0.258 0.099 0.320 0.295 0.029 0.541 0.475 0.000 0.981 0.975 0.000 0.977 0.975
300 0.099 0.123 0.135 0.001 0.292 0.218 0.000 0.649 0.553 0.000 0.977 0.974 0.000 0.965 0.961

1.0 50 0.393 0.494 0.512 0.370 0.552 0.565 0.347 0.615 0.622 0.224 0.877 0.840 0.137 0.966 0.966
150 0.187 0.202 0.218 0.085 0.318 0.287 0.024 0.541 0.477 0.000 0.981 0.976 0.000 0.977 0.975
300 0.107 0.105 0.119 0.000 0.292 0.218 0.000 0.649 0.552 0.000 0.977 0.974 0.000 0.965 0.961

1.5 50 0.193 0.437 0.421 0.154 0.544 0.524 0.128 0.614 0.591 0.024 0.877 0.841 0.003 0.966 0.965
150 0.099 0.167 0.165 0.026 0.318 0.278 0.002 0.541 0.477 0.000 0.981 0.976 0.000 0.977 0.975
300 0.047 0.080 0.077 0.000 0.292 0.219 0.000 0.649 0.557 0.000 0.977 0.974 0.000 0.965 0.961

10 0.3 50 1.000 1.000 1.000 0.998 1.000 1.000 0.996 1.000 1.000 0.996 1.000 1.000 0.993 1.000 1.000
150 0.998 0.977 0.996 1.000 0.989 0.998 1.000 0.997 1.000 1.000 1.000 1.000 0.999 1.000 1.000
300 0.936 0.836 0.897 0.939 0.924 0.937 0.959 0.996 0.995 0.995 1.000 1.000 0.995 1.000 1.000

0.5 50 0.991 0.950 1.000 0.992 0.962 1.000 0.994 0.973 1.000 0.988 0.999 1.000 0.973 1.000 1.000
150 0.936 0.698 0.897 0.934 0.826 0.934 0.941 0.950 0.968 0.988 1.000 1.000 0.924 1.000 1.000
300 0.600 0.473 0.587 0.491 0.767 0.757 0.305 0.992 0.982 0.258 1.000 1.000 0.465 1.000 1.000

0.8 50 0.976 0.880 0.993 0.978 0.898 0.995 0.974 0.939 0.997 0.952 0.999 1.000 0.873 1.000 1.000
150 0.803 0.564 0.771 0.771 0.773 0.846 0.774 0.946 0.949 0.806 1.000 1.000 0.612 1.000 1.000
300 0.408 0.359 0.428 0.180 0.756 0.716 0.061 0.991 0.981 0.023 1.000 1.000 0.001 1.000 1.000

1.0 50 0.942 0.843 0.985 0.939 0.875 0.984 0.932 0.931 0.992 0.885 0.999 1.000 0.779 1.000 1.000
150 0.766 0.528 0.728 0.755 0.769 0.828 0.718 0.946 0.947 0.685 1.000 1.000 0.395 1.000 1.000
300 0.399 0.306 0.365 0.155 0.756 0.714 0.042 0.991 0.981 0.000 1.000 1.000 0.000 1.000 1.000

1.5 50 0.704 0.787 0.929 0.688 0.869 0.956 0.665 0.928 0.977 0.540 0.999 1.000 0.388 1.000 1.000
150 0.502 0.437 0.550 0.437 0.769 0.771 0.318 0.946 0.934 0.050 1.000 1.000 0.000 1.000 1.000
300 0.243 0.245 0.271 0.043 0.756 0.710 0.002 0.991 0.981 0.000 1.000 1.000 0.000 1.000 1.000
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Table B.15: Case A. Empirical power with three structural breaks,  = �T 1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.995 0.952 0.975 0.994 0.974 0.992 0.997 0.980 0.990 0.995 0.986 0.996 0.993 1.000 0.997

150 1.000 0.977 0.997 1.000 0.990 0.998 1.000 0.996 0.998 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.978 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000

0.5 50 0.988 0.777 0.931 0.991 0.819 0.957 0.986 0.816 0.946 0.981 0.922 0.962 0.968 0.993 0.990
150 1.000 0.769 0.978 1.000 0.850 0.992 1.000 0.961 0.995 0.995 1.000 1.000 0.944 1.000 1.000
300 1.000 0.734 0.985 1.000 0.937 0.999 1.000 1.000 1.000 1.000 1.000 1.000 0.828 1.000 1.000

0.8 50 0.946 0.629 0.852 0.936 0.676 0.865 0.927 0.699 0.881 0.900 0.913 0.937 0.842 0.991 0.990
150 0.999 0.624 0.924 1.000 0.790 0.966 0.999 0.958 0.992 0.955 1.000 1.000 0.720 1.000 1.000
300 1.000 0.601 0.937 1.000 0.929 0.990 1.000 1.000 1.000 0.919 1.000 1.000 0.372 1.000 1.000

1.0 50 0.882 0.576 0.793 0.867 0.643 0.822 0.860 0.696 0.847 0.809 0.912 0.933 0.717 0.991 0.990
150 0.996 0.556 0.868 0.998 0.787 0.939 0.990 0.958 0.989 0.898 1.000 1.000 0.540 1.000 1.000
300 1.000 0.547 0.877 1.000 0.929 0.981 1.000 1.000 1.000 0.815 1.000 1.000 0.189 1.000 1.000

1.5 50 0.591 0.530 0.660 0.558 0.632 0.716 0.546 0.694 0.764 0.430 0.912 0.909 0.296 0.991 0.988
150 0.883 0.503 0.771 0.862 0.787 0.886 0.823 0.958 0.977 0.540 1.000 1.000 0.164 1.000 1.000
300 0.973 0.475 0.772 0.953 0.929 0.965 0.908 1.000 1.000 0.392 1.000 1.000 0.025 1.000 1.000

5 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 0.999 0.998 1.000 0.999 0.999 1.000 0.998
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.998 1.000 0.999 0.999 1.000 0.998 0.999 1.000 0.999 0.996 1.000 1.000 0.995 1.000 1.000
150 1.000 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000
300 1.000 0.999 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.996 1.000 1.000

0.8 50 0.994 0.998 0.999 0.996 0.999 1.000 0.996 0.999 1.000 0.985 1.000 1.000 0.961 1.000 1.000
150 1.000 0.995 0.999 1.000 1.000 1.000 1.000 1.000 1.000 0.992 1.000 1.000 0.915 1.000 1.000
300 1.000 0.994 0.994 1.000 1.000 1.000 1.000 1.000 1.000 0.997 1.000 1.000 0.747 1.000 1.000

1.0 50 0.986 0.995 0.999 0.991 0.996 0.999 0.992 0.999 1.000 0.966 1.000 1.000 0.912 1.000 1.000
150 1.000 0.995 0.997 1.000 1.000 1.000 1.000 1.000 1.000 0.978 1.000 1.000 0.818 1.000 1.000
300 1.000 0.987 0.992 1.000 1.000 1.000 1.000 1.000 1.000 0.962 1.000 1.000 0.549 1.000 1.000

1.5 50 0.929 0.988 0.997 0.920 0.997 0.999 0.903 0.999 1.000 0.839 1.000 1.000 0.724 1.000 1.000
150 0.998 0.987 0.993 0.997 1.000 1.000 0.991 1.000 1.000 0.891 1.000 1.000 0.532 1.000 1.000
300 1.000 0.978 0.990 1.000 1.000 1.000 0.999 1.000 1.000 0.811 1.000 1.000 0.178 1.000 1.000

10 0.3 50 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 0.999 0.998 1.000 0.999 0.999 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 1.000 1.000 0.999 1.000 1.000 0.998 0.999 1.000 0.999 0.997 1.000 1.000 0.996 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 0.998 1.000 1.000 0.999 0.999 1.000 0.999 1.000 1.000 0.992 1.000 1.000 0.978 1.000 1.000
150 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000 0.966 1.000 1.000
300 1.000 0.999 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000

1.0 50 0.992 0.998 0.999 0.996 1.000 1.000 0.996 1.000 1.000 0.982 1.000 1.000 0.949 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.990 1.000 1.000 0.902 1.000 1.000
300 1.000 0.996 0.998 1.000 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 0.700 1.000 1.000

1.5 50 0.970 0.997 1.000 0.964 1.000 1.000 0.962 1.000 1.000 0.917 1.000 1.000 0.826 1.000 1.000
150 1.000 0.997 0.999 1.000 1.000 1.000 0.997 1.000 1.000 0.944 1.000 1.000 0.670 1.000 1.000
300 1.000 0.995 0.997 1.000 1.000 1.000 1.000 1.000 1.000 0.893 1.000 1.000 0.317 1.000 1.000
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Table B.16: Case A. Empirical power with three structural breaks,  = �T�1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.018 0.165 0.120 0.011 0.162 0.130 0.013 0.168 0.125 0.005 0.126 0.089 0.001 0.097 0.062

150 0.003 0.084 0.067 0.000 0.074 0.053 0.001 0.051 0.035 0.000 0.026 0.015 0.000 0.037 0.019
300 0.000 0.057 0.046 0.000 0.035 0.027 0.000 0.025 0.019 0.000 0.020 0.013 0.000 0.033 0.016

0.5 50 0.040 0.186 0.144 0.026 0.172 0.127 0.022 0.166 0.126 0.004 0.110 0.080 0.001 0.090 0.063
150 0.026 0.092 0.083 0.014 0.057 0.043 0.001 0.038 0.034 0.000 0.028 0.018 0.000 0.039 0.020
300 0.040 0.061 0.058 0.000 0.023 0.015 0.000 0.023 0.019 0.000 0.020 0.013 0.000 0.033 0.015

0.8 50 0.021 0.138 0.115 0.015 0.150 0.118 0.015 0.141 0.103 0.002 0.104 0.073 0.000 0.095 0.066
150 0.038 0.068 0.074 0.015 0.047 0.038 0.003 0.036 0.032 0.000 0.028 0.018 0.000 0.039 0.020
300 0.053 0.050 0.057 0.001 0.022 0.015 0.000 0.023 0.020 0.000 0.020 0.014 0.000 0.033 0.017

1.0 50 0.006 0.142 0.112 0.007 0.135 0.105 0.007 0.134 0.100 0.000 0.104 0.073 0.000 0.095 0.066
150 0.040 0.055 0.058 0.013 0.047 0.039 0.001 0.036 0.031 0.000 0.028 0.018 0.000 0.039 0.020
300 0.073 0.041 0.069 0.001 0.022 0.016 0.000 0.023 0.020 0.000 0.020 0.014 0.000 0.033 0.017

1.5 50 0.002 0.137 0.107 0.001 0.129 0.099 0.001 0.134 0.101 0.000 0.104 0.074 0.000 0.096 0.066
150 0.012 0.042 0.036 0.001 0.047 0.035 0.000 0.036 0.031 0.000 0.028 0.018 0.000 0.039 0.020
300 0.022 0.034 0.035 0.000 0.022 0.015 0.000 0.023 0.020 0.000 0.020 0.014 0.000 0.033 0.017

5 0.3 50 0.026 0.158 0.123 0.015 0.174 0.131 0.018 0.184 0.142 0.008 0.135 0.097 0.005 0.085 0.064
150 0.003 0.084 0.066 0.000 0.073 0.056 0.001 0.055 0.038 0.000 0.031 0.019 0.000 0.045 0.026
300 0.000 0.061 0.043 0.000 0.035 0.026 0.000 0.024 0.020 0.000 0.021 0.011 0.000 0.036 0.020

0.5 50 0.044 0.193 0.153 0.032 0.178 0.127 0.024 0.144 0.117 0.008 0.115 0.082 0.002 0.097 0.076
150 0.028 0.090 0.080 0.011 0.059 0.046 0.002 0.041 0.034 0.000 0.034 0.018 0.000 0.047 0.031
300 0.042 0.062 0.059 0.000 0.022 0.014 0.000 0.021 0.018 0.000 0.021 0.011 0.000 0.036 0.020

0.8 50 0.022 0.135 0.105 0.015 0.140 0.111 0.015 0.127 0.096 0.003 0.115 0.090 0.000 0.101 0.076
150 0.042 0.068 0.072 0.014 0.048 0.039 0.002 0.038 0.032 0.000 0.034 0.019 0.000 0.047 0.030
300 0.050 0.049 0.062 0.001 0.021 0.014 0.000 0.021 0.018 0.000 0.021 0.011 0.000 0.036 0.020

1.0 50 0.010 0.128 0.106 0.009 0.134 0.109 0.011 0.119 0.090 0.000 0.115 0.090 0.000 0.101 0.077
150 0.050 0.052 0.057 0.013 0.048 0.040 0.001 0.038 0.031 0.000 0.034 0.019 0.000 0.047 0.030
300 0.075 0.040 0.069 0.001 0.021 0.015 0.000 0.021 0.018 0.000 0.021 0.011 0.000 0.036 0.020

1.5 50 0.002 0.133 0.106 0.001 0.127 0.095 0.001 0.119 0.089 0.000 0.115 0.090 0.000 0.101 0.078
150 0.010 0.042 0.033 0.001 0.048 0.037 0.000 0.038 0.031 0.000 0.034 0.019 0.000 0.047 0.030
300 0.021 0.033 0.035 0.000 0.021 0.014 0.000 0.021 0.018 0.000 0.021 0.011 0.000 0.036 0.020

10 0.3 50 0.041 0.196 0.147 0.036 0.198 0.154 0.050 0.209 0.161 0.022 0.167 0.115 0.014 0.142 0.104
150 0.006 0.086 0.067 0.000 0.080 0.055 0.001 0.052 0.036 0.000 0.035 0.027 0.000 0.074 0.042
300 0.001 0.057 0.045 0.000 0.031 0.027 0.000 0.026 0.019 0.000 0.027 0.015 0.000 0.059 0.038

0.5 50 0.067 0.199 0.166 0.052 0.177 0.137 0.043 0.157 0.134 0.020 0.122 0.089 0.008 0.129 0.093
150 0.026 0.082 0.069 0.009 0.055 0.040 0.002 0.044 0.030 0.000 0.039 0.026 0.000 0.076 0.045
300 0.043 0.061 0.063 0.000 0.023 0.015 0.000 0.025 0.017 0.000 0.026 0.015 0.000 0.059 0.038

0.8 50 0.041 0.141 0.112 0.042 0.147 0.122 0.028 0.136 0.103 0.007 0.121 0.087 0.002 0.129 0.094
150 0.046 0.071 0.077 0.013 0.045 0.033 0.001 0.039 0.022 0.000 0.039 0.026 0.000 0.076 0.045
300 0.055 0.051 0.061 0.001 0.021 0.015 0.000 0.025 0.017 0.000 0.026 0.015 0.000 0.059 0.038

1.0 50 0.023 0.132 0.104 0.015 0.146 0.106 0.012 0.133 0.097 0.004 0.121 0.088 0.000 0.129 0.093
150 0.052 0.055 0.056 0.015 0.047 0.036 0.002 0.039 0.022 0.000 0.039 0.027 0.000 0.076 0.045
300 0.079 0.044 0.064 0.001 0.021 0.016 0.000 0.025 0.017 0.000 0.026 0.015 0.000 0.059 0.038

1.5 50 0.004 0.138 0.119 0.003 0.138 0.102 0.001 0.133 0.097 0.000 0.121 0.087 0.000 0.130 0.093
150 0.014 0.046 0.036 0.001 0.047 0.033 0.000 0.039 0.022 0.000 0.039 0.028 0.000 0.076 0.045
300 0.022 0.033 0.033 0.000 0.021 0.015 0.000 0.025 0.017 0.000 0.026 0.015 0.000 0.058 0.038
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Table B.17: Case A. Empirical power with three structural breaks,  = � and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.035 0.162 0.119 0.024 0.188 0.135 0.036 0.188 0.142 0.008 0.135 0.096 0.004 0.110 0.063

150 0.006 0.088 0.068 0.000 0.082 0.061 0.001 0.058 0.039 0.000 0.044 0.030 0.000 0.090 0.058
300 0.004 0.058 0.044 0.001 0.030 0.026 0.000 0.026 0.020 0.000 0.042 0.025 0.000 0.145 0.090

0.5 50 0.047 0.186 0.152 0.041 0.168 0.119 0.031 0.137 0.116 0.012 0.116 0.085 0.004 0.097 0.073
150 0.030 0.084 0.068 0.010 0.053 0.040 0.002 0.044 0.027 0.000 0.046 0.032 0.000 0.092 0.062
300 0.043 0.055 0.059 0.000 0.024 0.018 0.000 0.025 0.018 0.000 0.042 0.025 0.000 0.145 0.089

0.8 50 0.028 0.136 0.110 0.024 0.147 0.111 0.014 0.120 0.089 0.006 0.119 0.088 0.000 0.098 0.072
150 0.051 0.070 0.078 0.017 0.045 0.036 0.002 0.037 0.022 0.000 0.046 0.032 0.000 0.092 0.063
300 0.054 0.046 0.063 0.001 0.022 0.018 0.000 0.025 0.018 0.000 0.042 0.025 0.000 0.145 0.092

1.0 50 0.009 0.132 0.105 0.009 0.133 0.102 0.011 0.118 0.090 0.002 0.118 0.088 0.000 0.098 0.072
150 0.055 0.056 0.059 0.016 0.047 0.037 0.002 0.037 0.024 0.000 0.046 0.033 0.000 0.092 0.063
300 0.080 0.045 0.065 0.001 0.022 0.019 0.000 0.025 0.018 0.000 0.042 0.025 0.000 0.145 0.092

1.5 50 0.002 0.130 0.110 0.001 0.128 0.090 0.001 0.118 0.087 0.000 0.118 0.087 0.000 0.098 0.073
150 0.015 0.050 0.041 0.001 0.047 0.035 0.000 0.037 0.024 0.000 0.046 0.033 0.000 0.092 0.063
300 0.022 0.035 0.032 0.000 0.022 0.018 0.000 0.025 0.018 0.000 0.042 0.026 0.000 0.145 0.093

5 0.3 50 0.953 0.782 0.880 0.951 0.857 0.911 0.957 0.870 0.925 0.934 0.906 0.919 0.928 0.959 0.945
150 0.546 0.403 0.462 0.483 0.479 0.503 0.491 0.504 0.506 0.344 0.962 0.947 0.381 0.990 0.985
300 0.316 0.178 0.182 0.251 0.222 0.212 0.131 0.415 0.350 0.020 0.990 0.981 0.138 0.994 0.993

0.5 50 0.819 0.559 0.711 0.815 0.590 0.728 0.775 0.586 0.696 0.726 0.736 0.763 0.712 0.914 0.888
150 0.328 0.230 0.302 0.286 0.234 0.293 0.222 0.350 0.340 0.111 0.958 0.936 0.231 0.990 0.986
300 0.187 0.089 0.148 0.075 0.133 0.113 0.007 0.366 0.295 0.002 0.990 0.981 0.000 0.994 0.994

0.8 50 0.658 0.411 0.546 0.656 0.445 0.584 0.666 0.476 0.600 0.622 0.721 0.727 0.577 0.911 0.878
150 0.307 0.132 0.210 0.236 0.199 0.241 0.185 0.342 0.325 0.070 0.958 0.937 0.019 0.990 0.987
300 0.167 0.057 0.117 0.042 0.127 0.110 0.004 0.366 0.293 0.000 0.990 0.981 0.000 0.994 0.994

1.0 50 0.591 0.361 0.477 0.578 0.412 0.512 0.591 0.472 0.568 0.529 0.721 0.713 0.430 0.909 0.879
150 0.306 0.117 0.191 0.258 0.198 0.228 0.187 0.342 0.317 0.035 0.958 0.938 0.003 0.990 0.987
300 0.199 0.046 0.092 0.059 0.127 0.108 0.006 0.366 0.294 0.000 0.990 0.981 0.000 0.994 0.994

1.5 50 0.274 0.320 0.328 0.271 0.403 0.404 0.246 0.472 0.450 0.159 0.724 0.670 0.089 0.910 0.866
150 0.147 0.095 0.107 0.096 0.198 0.175 0.046 0.342 0.297 0.000 0.958 0.938 0.000 0.990 0.987
300 0.101 0.037 0.036 0.015 0.127 0.098 0.001 0.366 0.300 0.000 0.990 0.981 0.000 0.994 0.994

10 0.3 50 0.997 0.997 0.995 0.998 0.998 0.998 0.997 0.998 0.998 0.996 1.000 0.999 0.995 1.000 0.997
150 1.000 0.922 0.993 1.000 0.952 0.998 1.000 0.982 0.997 1.000 1.000 1.000 1.000 1.000 1.000
300 0.990 0.659 0.898 0.993 0.791 0.925 0.995 0.971 0.984 1.000 1.000 1.000 0.996 1.000 1.000

0.5 50 0.994 0.917 0.971 0.993 0.939 0.979 0.995 0.941 0.984 0.991 0.992 0.995 0.979 1.000 1.000
150 1.000 0.654 0.960 0.999 0.718 0.975 0.999 0.882 0.982 0.995 1.000 1.000 0.925 1.000 1.000
300 0.847 0.367 0.735 0.820 0.599 0.758 0.772 0.944 0.934 0.823 1.000 1.000 0.676 1.000 1.000

0.8 50 0.980 0.846 0.941 0.979 0.850 0.950 0.985 0.870 0.959 0.953 0.989 0.994 0.886 1.000 1.000
150 0.983 0.473 0.862 0.979 0.645 0.910 0.976 0.875 0.948 0.948 1.000 1.000 0.678 1.000 1.000
300 0.754 0.241 0.573 0.664 0.585 0.688 0.592 0.943 0.929 0.586 1.000 1.000 0.216 1.000 1.000

1.0 50 0.943 0.802 0.910 0.947 0.819 0.925 0.947 0.865 0.954 0.896 0.989 0.993 0.787 1.000 1.000
150 0.964 0.422 0.787 0.967 0.642 0.868 0.962 0.875 0.934 0.867 1.000 1.000 0.480 1.000 1.000
300 0.770 0.208 0.489 0.701 0.585 0.667 0.649 0.943 0.931 0.469 1.000 1.000 0.067 1.000 1.000

1.5 50 0.733 0.747 0.867 0.713 0.810 0.885 0.680 0.863 0.923 0.571 0.989 0.992 0.421 1.000 1.000
150 0.771 0.353 0.602 0.748 0.642 0.745 0.686 0.875 0.883 0.396 1.000 1.000 0.097 1.000 1.000
300 0.532 0.157 0.264 0.391 0.585 0.568 0.234 0.943 0.921 0.005 1.000 1.000 0.000 1.000 1.000
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Table B.18: Case A. Empirical power with three structural breaks,  = �T 1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 1.000 0.048 0.589 1.000 0.062 0.607 1.000 0.062 0.615 1.000 0.046 0.563 1.000 0.043 0.568

150 1.000 0.023 0.800 1.000 0.025 0.788 1.000 0.012 0.798 1.000 0.004 0.729 1.000 0.007 0.654
300 1.000 0.018 0.876 1.000 0.012 0.862 1.000 0.002 0.846 1.000 0.000 0.759 1.000 0.001 0.680

0.5 50 0.994 0.124 0.465 0.994 0.131 0.470 0.994 0.123 0.482 0.998 0.079 0.425 1.000 0.048 0.410
150 1.000 0.106 0.620 1.000 0.072 0.546 1.000 0.036 0.480 1.000 0.007 0.365 1.000 0.007 0.348
300 1.000 0.077 0.644 1.000 0.019 0.536 1.000 0.003 0.435 1.000 0.001 0.365 1.000 0.001 0.365

0.8 50 0.739 0.145 0.333 0.742 0.156 0.332 0.733 0.149 0.323 0.603 0.079 0.172 0.457 0.048 0.095
150 0.987 0.105 0.580 0.995 0.088 0.476 0.996 0.038 0.399 1.000 0.007 0.329 1.000 0.007 0.319
300 0.998 0.094 0.598 1.000 0.019 0.440 1.000 0.003 0.371 1.000 0.000 0.349 1.000 0.001 0.347

1.0 50 0.538 0.146 0.282 0.540 0.165 0.280 0.496 0.150 0.256 0.301 0.079 0.113 0.183 0.047 0.062
150 0.898 0.112 0.517 0.932 0.088 0.407 0.926 0.038 0.329 0.885 0.007 0.156 0.881 0.007 0.093
300 0.961 0.105 0.559 0.983 0.019 0.397 0.988 0.003 0.323 0.998 0.000 0.283 1.000 0.001 0.254

1.5 50 0.348 0.176 0.257 0.322 0.172 0.225 0.301 0.150 0.192 0.181 0.079 0.093 0.161 0.046 0.061
150 0.645 0.137 0.380 0.559 0.088 0.234 0.410 0.038 0.135 0.177 0.007 0.034 0.171 0.007 0.032
300 0.706 0.094 0.390 0.566 0.019 0.153 0.336 0.003 0.045 0.110 0.000 0.009 0.163 0.001 0.024

5 0.3 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.620 1.000 0.000 0.634 1.000 0.000 0.628 1.000 0.000 0.669 1.000 0.000 0.664
300 1.000 0.000 0.489 1.000 0.000 0.516 1.000 0.000 0.505 1.000 0.000 0.515 1.000 0.000 0.511

0.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.228 1.000 0.000 0.192 1.000 0.000 0.197 1.000 0.000 0.206 1.000 0.000 0.217
300 1.000 0.000 0.487 1.000 0.000 0.515 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

0.8 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.045 1.000 0.000 0.051 1.000 0.000 0.053 1.000 0.000 0.055 1.000 0.000 0.060
300 1.000 0.000 0.520 1.000 0.000 0.517 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

1.0 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
300 1.000 0.000 0.426 1.000 0.000 0.398 1.000 0.000 0.392 1.000 0.000 0.387 1.000 0.000 0.381

1.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
300 1.000 0.000 0.192 1.000 0.000 0.184 1.000 0.000 0.187 1.000 0.000 0.185 1.000 0.000 0.183

10 0.3 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.668 1.000 0.000 0.687 1.000 0.000 0.666 1.000 0.000 0.671 1.000 0.000 0.664
300 1.000 0.000 0.489 1.000 0.000 0.516 1.000 0.000 0.505 1.000 0.000 0.515 1.000 0.000 0.511

0.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.656 1.000 0.000 0.663 1.000 0.000 0.676 1.000 0.000 0.669 1.000 0.000 0.664
300 1.000 0.000 0.487 1.000 0.000 0.515 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

0.8 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.655 1.000 0.000 0.661 1.000 0.000 0.673 1.000 0.000 0.669 1.000 0.000 0.664
300 1.000 0.000 0.520 1.000 0.000 0.517 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

1.0 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.653 1.000 0.000 0.661 1.000 0.000 0.673 1.000 0.000 0.669 1.000 0.000 0.664
300 1.000 0.000 0.528 1.000 0.000 0.517 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

1.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.634 1.000 0.000 0.638 1.000 0.000 0.650 1.000 0.000 0.647 1.000 0.000 0.642
300 1.000 0.000 0.540 1.000 0.000 0.517 1.000 0.000 0.507 1.000 0.000 0.515 1.000 0.000 0.511

18



Table B.19: Case A. Empirical power with three structural breaks,  = �T�1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.001 0.140 0.106 0.000 0.149 0.107 0.000 0.155 0.121 0.000 0.102 0.074 0.000 0.070 0.044

150 0.000 0.093 0.076 0.000 0.092 0.071 0.001 0.056 0.042 0.000 0.020 0.009 0.000 0.038 0.019
300 0.000 0.074 0.055 0.000 0.076 0.051 0.000 0.033 0.021 0.000 0.023 0.009 0.000 0.031 0.012

0.5 50 0.026 0.236 0.199 0.012 0.197 0.151 0.009 0.197 0.155 0.000 0.085 0.061 0.000 0.074 0.052
150 0.011 0.138 0.110 0.003 0.076 0.053 0.000 0.045 0.031 0.000 0.017 0.009 0.000 0.037 0.018
300 0.021 0.115 0.088 0.000 0.041 0.028 0.000 0.028 0.016 0.000 0.023 0.009 0.000 0.031 0.012

0.8 50 0.031 0.180 0.161 0.019 0.163 0.133 0.011 0.143 0.110 0.000 0.083 0.059 0.000 0.075 0.054
150 0.040 0.129 0.112 0.004 0.065 0.045 0.000 0.039 0.027 0.000 0.017 0.009 0.000 0.037 0.018
300 0.037 0.087 0.081 0.000 0.042 0.029 0.000 0.028 0.016 0.000 0.023 0.009 0.000 0.031 0.012

1.0 50 0.019 0.199 0.165 0.011 0.160 0.132 0.004 0.137 0.106 0.000 0.083 0.061 0.000 0.075 0.054
150 0.042 0.121 0.117 0.002 0.065 0.044 0.000 0.039 0.027 0.000 0.017 0.009 0.000 0.037 0.018
300 0.052 0.087 0.090 0.000 0.042 0.029 0.000 0.028 0.016 0.000 0.023 0.009 0.000 0.031 0.012

1.5 50 0.006 0.178 0.145 0.002 0.149 0.121 0.001 0.138 0.103 0.000 0.083 0.061 0.000 0.076 0.055
150 0.024 0.107 0.092 0.000 0.065 0.043 0.000 0.039 0.027 0.000 0.017 0.009 0.000 0.037 0.018
300 0.029 0.080 0.079 0.000 0.042 0.029 0.000 0.028 0.016 0.000 0.023 0.009 0.000 0.031 0.012

5 0.3 50 0.004 0.170 0.140 0.002 0.189 0.134 0.004 0.205 0.161 0.001 0.154 0.121 0.001 0.133 0.102
150 0.000 0.096 0.077 0.000 0.092 0.076 0.001 0.060 0.045 0.000 0.044 0.022 0.000 0.071 0.042
300 0.000 0.073 0.057 0.000 0.069 0.055 0.000 0.034 0.022 0.000 0.031 0.013 0.000 0.065 0.029

0.5 50 0.031 0.222 0.184 0.012 0.204 0.170 0.010 0.203 0.172 0.002 0.124 0.103 0.000 0.115 0.091
150 0.017 0.131 0.112 0.005 0.073 0.059 0.000 0.052 0.035 0.000 0.044 0.018 0.000 0.070 0.040
300 0.025 0.112 0.096 0.000 0.044 0.029 0.000 0.032 0.016 0.000 0.031 0.014 0.000 0.065 0.031

0.8 50 0.033 0.201 0.159 0.027 0.185 0.147 0.015 0.152 0.127 0.000 0.127 0.106 0.000 0.117 0.096
150 0.042 0.125 0.110 0.004 0.065 0.050 0.000 0.042 0.029 0.000 0.044 0.018 0.000 0.070 0.040
300 0.038 0.089 0.081 0.000 0.044 0.029 0.000 0.032 0.015 0.000 0.031 0.014 0.000 0.065 0.032

1.0 50 0.023 0.206 0.175 0.019 0.180 0.147 0.006 0.149 0.123 0.000 0.127 0.106 0.000 0.117 0.096
150 0.044 0.125 0.115 0.002 0.065 0.048 0.000 0.042 0.029 0.000 0.044 0.019 0.000 0.070 0.040
300 0.054 0.088 0.088 0.000 0.044 0.029 0.000 0.032 0.015 0.000 0.031 0.014 0.000 0.065 0.032

1.5 50 0.006 0.195 0.158 0.004 0.168 0.132 0.001 0.149 0.121 0.000 0.127 0.107 0.000 0.117 0.097
150 0.024 0.104 0.093 0.000 0.065 0.047 0.000 0.042 0.029 0.000 0.044 0.020 0.000 0.070 0.041
300 0.028 0.080 0.077 0.000 0.044 0.029 0.000 0.032 0.015 0.000 0.031 0.014 0.000 0.065 0.032

10 0.3 50 0.019 0.252 0.214 0.013 0.251 0.207 0.015 0.275 0.230 0.002 0.255 0.197 0.002 0.215 0.162
150 0.000 0.102 0.082 0.000 0.117 0.086 0.001 0.075 0.060 0.000 0.078 0.052 0.000 0.158 0.107
300 0.000 0.070 0.059 0.000 0.071 0.055 0.000 0.035 0.029 0.000 0.062 0.035 0.000 0.169 0.104

0.5 50 0.043 0.238 0.201 0.033 0.236 0.196 0.029 0.240 0.190 0.001 0.197 0.157 0.000 0.192 0.151
150 0.025 0.136 0.117 0.006 0.084 0.065 0.000 0.068 0.053 0.000 0.082 0.047 0.000 0.159 0.107
300 0.028 0.110 0.091 0.000 0.040 0.027 0.000 0.030 0.024 0.000 0.062 0.034 0.000 0.169 0.106

0.8 50 0.054 0.213 0.182 0.042 0.204 0.171 0.034 0.186 0.155 0.001 0.189 0.153 0.000 0.192 0.153
150 0.047 0.118 0.121 0.002 0.070 0.055 0.000 0.058 0.044 0.000 0.082 0.047 0.000 0.159 0.107
300 0.040 0.088 0.080 0.000 0.041 0.027 0.000 0.029 0.024 0.000 0.062 0.034 0.000 0.169 0.108

1.0 50 0.044 0.213 0.180 0.032 0.204 0.173 0.021 0.190 0.150 0.000 0.189 0.155 0.000 0.192 0.154
150 0.050 0.126 0.126 0.001 0.070 0.055 0.000 0.058 0.044 0.000 0.082 0.048 0.000 0.159 0.107
300 0.053 0.086 0.084 0.000 0.041 0.027 0.000 0.029 0.024 0.000 0.062 0.034 0.000 0.169 0.108

1.5 50 0.012 0.210 0.181 0.008 0.192 0.158 0.003 0.189 0.151 0.000 0.189 0.156 0.000 0.192 0.156
150 0.026 0.104 0.100 0.001 0.071 0.054 0.000 0.058 0.045 0.000 0.082 0.049 0.000 0.159 0.108
300 0.029 0.082 0.074 0.000 0.041 0.027 0.000 0.029 0.024 0.000 0.062 0.035 0.000 0.169 0.107
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Table B.20: Case A. Empirical power with three structural breaks,  = � and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.009 0.204 0.163 0.004 0.208 0.159 0.006 0.235 0.183 0.003 0.194 0.148 0.001 0.172 0.129

150 0.000 0.112 0.092 0.000 0.122 0.097 0.001 0.089 0.062 0.000 0.094 0.066 0.000 0.200 0.134
300 0.000 0.084 0.065 0.000 0.077 0.058 0.000 0.051 0.039 0.000 0.133 0.075 0.000 0.411 0.273

0.5 50 0.038 0.238 0.190 0.023 0.219 0.183 0.018 0.212 0.179 0.001 0.137 0.116 0.000 0.153 0.115
150 0.028 0.136 0.119 0.007 0.091 0.071 0.000 0.073 0.062 0.000 0.099 0.067 0.000 0.203 0.133
300 0.030 0.105 0.090 0.000 0.042 0.033 0.000 0.038 0.028 0.000 0.132 0.076 0.000 0.411 0.274

0.8 50 0.038 0.203 0.161 0.030 0.189 0.158 0.023 0.171 0.139 0.000 0.138 0.116 0.000 0.156 0.116
150 0.048 0.121 0.120 0.002 0.074 0.058 0.000 0.062 0.051 0.000 0.099 0.068 0.000 0.203 0.133
300 0.043 0.092 0.083 0.000 0.043 0.032 0.000 0.038 0.028 0.000 0.132 0.076 0.000 0.411 0.276

1.0 50 0.033 0.213 0.170 0.022 0.185 0.154 0.011 0.169 0.134 0.000 0.138 0.116 0.000 0.157 0.117
150 0.051 0.125 0.123 0.001 0.074 0.058 0.000 0.062 0.051 0.000 0.099 0.068 0.000 0.203 0.133
300 0.054 0.086 0.085 0.000 0.043 0.032 0.000 0.038 0.028 0.000 0.132 0.076 0.000 0.411 0.277

1.5 50 0.009 0.203 0.154 0.006 0.177 0.141 0.002 0.168 0.132 0.000 0.138 0.116 0.000 0.157 0.117
150 0.026 0.106 0.105 0.001 0.074 0.057 0.000 0.062 0.051 0.000 0.099 0.068 0.000 0.203 0.134
300 0.031 0.078 0.074 0.000 0.043 0.032 0.000 0.038 0.028 0.000 0.132 0.077 0.000 0.411 0.278

5 0.3 50 0.955 0.111 0.366 0.960 0.125 0.367 0.965 0.133 0.376 0.961 0.106 0.374 0.962 0.089 0.347
150 0.610 0.200 0.267 0.534 0.204 0.267 0.540 0.196 0.254 0.211 0.169 0.140 0.039 0.169 0.116
300 0.370 0.212 0.227 0.289 0.211 0.222 0.097 0.191 0.169 0.000 0.378 0.277 0.000 0.365 0.270

0.5 50 0.592 0.206 0.286 0.545 0.211 0.278 0.537 0.210 0.285 0.394 0.146 0.167 0.221 0.106 0.098
150 0.346 0.210 0.254 0.258 0.197 0.208 0.132 0.193 0.164 0.003 0.172 0.121 0.000 0.168 0.116
300 0.214 0.160 0.177 0.029 0.177 0.149 0.000 0.186 0.155 0.000 0.379 0.275 0.000 0.365 0.268

0.8 50 0.298 0.213 0.237 0.279 0.217 0.242 0.255 0.218 0.224 0.109 0.146 0.126 0.069 0.105 0.086
150 0.194 0.161 0.189 0.091 0.187 0.169 0.017 0.192 0.153 0.000 0.172 0.121 0.000 0.168 0.116
300 0.115 0.130 0.143 0.001 0.170 0.140 0.000 0.186 0.151 0.000 0.379 0.273 0.000 0.365 0.268

1.0 50 0.252 0.206 0.230 0.227 0.230 0.236 0.195 0.217 0.217 0.094 0.146 0.126 0.057 0.104 0.081
150 0.178 0.150 0.173 0.073 0.185 0.163 0.014 0.192 0.154 0.000 0.172 0.121 0.000 0.168 0.116
300 0.108 0.127 0.135 0.000 0.170 0.140 0.000 0.186 0.151 0.000 0.379 0.275 0.000 0.365 0.268

1.5 50 0.199 0.217 0.231 0.170 0.234 0.224 0.141 0.217 0.200 0.037 0.145 0.117 0.005 0.104 0.076
150 0.132 0.138 0.145 0.031 0.185 0.159 0.003 0.192 0.154 0.000 0.172 0.121 0.000 0.168 0.117
300 0.086 0.114 0.109 0.000 0.170 0.141 0.000 0.186 0.153 0.000 0.379 0.276 0.000 0.365 0.269

10 0.3 50 1.000 0.012 0.552 1.000 0.010 0.529 1.000 0.012 0.513 1.000 0.010 0.526 1.000 0.009 0.508
150 1.000 0.049 0.570 1.000 0.052 0.546 1.000 0.046 0.533 1.000 0.012 0.478 1.000 0.014 0.439
300 1.000 0.134 0.397 1.000 0.113 0.408 1.000 0.051 0.364 1.000 0.027 0.364 1.000 0.029 0.351

0.5 50 1.000 0.056 0.716 1.000 0.055 0.704 1.000 0.057 0.716 1.000 0.031 0.657 1.000 0.025 0.611
150 0.999 0.143 0.516 0.997 0.108 0.446 0.999 0.064 0.386 1.000 0.013 0.329 1.000 0.014 0.320
300 0.812 0.167 0.390 0.777 0.113 0.288 0.615 0.053 0.156 0.108 0.027 0.025 0.039 0.029 0.016

0.8 50 1.000 0.084 0.559 1.000 0.082 0.569 1.000 0.074 0.555 1.000 0.033 0.496 1.000 0.023 0.449
150 0.807 0.137 0.425 0.804 0.123 0.332 0.727 0.063 0.231 0.385 0.013 0.047 0.208 0.014 0.024
300 0.433 0.154 0.262 0.153 0.111 0.113 0.008 0.053 0.037 0.000 0.027 0.016 0.001 0.029 0.014

1.0 50 0.991 0.083 0.511 0.994 0.085 0.512 0.996 0.076 0.492 0.999 0.033 0.435 1.000 0.023 0.399
150 0.646 0.147 0.351 0.533 0.123 0.243 0.400 0.063 0.145 0.081 0.013 0.020 0.082 0.014 0.021
300 0.355 0.141 0.207 0.066 0.111 0.098 0.003 0.053 0.037 0.000 0.027 0.015 0.000 0.029 0.013

1.5 50 0.768 0.103 0.377 0.774 0.091 0.361 0.767 0.073 0.336 0.650 0.032 0.174 0.534 0.023 0.114
150 0.455 0.162 0.280 0.294 0.123 0.176 0.183 0.063 0.084 0.036 0.013 0.011 0.011 0.014 0.008
300 0.299 0.129 0.171 0.038 0.111 0.093 0.001 0.053 0.037 0.000 0.027 0.013 0.000 0.029 0.014
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Table B.21: Case A. Empirical power with four structural breaks,  = �T 1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 1.000 0.993 0.987 0.996 0.993 0.983 0.993 0.998 0.991 0.997 0.999 0.994 0.994 1.000 0.992

150 1.000 0.992 0.998 1.000 0.997 0.997 1.000 0.999 0.998 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 0.992 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.987 0.903 0.939 0.995 0.926 0.951 0.996 0.940 0.966 0.990 0.982 0.985 0.970 1.000 0.996
150 1.000 0.883 0.945 1.000 0.923 0.972 1.000 0.980 0.992 0.994 1.000 1.000 0.955 1.000 1.000
300 1.000 0.860 0.943 1.000 0.981 0.994 1.000 1.000 1.000 0.999 1.000 1.000 0.842 1.000 1.000

0.8 50 0.960 0.831 0.877 0.957 0.849 0.897 0.971 0.868 0.913 0.928 0.979 0.984 0.867 1.000 0.998
150 1.000 0.779 0.872 1.000 0.882 0.937 0.999 0.975 0.984 0.960 1.000 1.000 0.755 1.000 1.000
300 1.000 0.783 0.891 1.000 0.974 0.987 1.000 1.000 1.000 0.926 1.000 1.000 0.404 1.000 1.000

1.0 50 0.898 0.809 0.844 0.899 0.824 0.879 0.897 0.860 0.892 0.833 0.979 0.980 0.737 1.000 0.998
150 1.000 0.745 0.836 0.996 0.879 0.922 0.990 0.975 0.978 0.904 1.000 1.000 0.569 1.000 1.000
300 1.000 0.726 0.840 1.000 0.974 0.979 1.000 1.000 1.000 0.823 1.000 1.000 0.216 1.000 1.000

1.5 50 0.592 0.771 0.783 0.581 0.812 0.827 0.550 0.858 0.859 0.450 0.980 0.973 0.314 1.000 0.998
150 0.889 0.709 0.755 0.862 0.879 0.890 0.828 0.975 0.974 0.519 1.000 1.000 0.191 1.000 1.000
300 0.977 0.672 0.739 0.954 0.974 0.973 0.919 1.000 1.000 0.406 1.000 1.000 0.026 1.000 1.000

5 0.3 50 1.000 1.000 0.992 1.000 1.000 0.994 1.000 1.000 0.992 1.000 1.000 0.998 1.000 1.000 0.993
150 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 0.998 1.000 0.996 1.000 1.000 0.999 1.000 1.000 0.999 0.997 1.000 0.998 0.994 1.000 0.997
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000

0.8 50 0.995 1.000 1.000 0.997 1.000 1.000 0.996 1.000 1.000 0.985 1.000 1.000 0.959 1.000 1.000
150 1.000 0.997 0.999 1.000 0.999 1.000 1.000 1.000 1.000 0.989 1.000 1.000 0.935 1.000 1.000
300 1.000 0.997 0.997 1.000 1.000 1.000 1.000 1.000 1.000 0.995 1.000 1.000 0.764 1.000 1.000

1.0 50 0.987 0.999 0.999 0.991 1.000 1.000 0.992 1.000 0.999 0.964 1.000 1.000 0.911 1.000 1.000
150 1.000 0.997 0.999 1.000 0.999 1.000 1.000 1.000 1.000 0.976 1.000 1.000 0.834 1.000 1.000
300 1.000 0.996 0.998 1.000 1.000 1.000 1.000 1.000 1.000 0.968 1.000 1.000 0.564 1.000 1.000

1.5 50 0.924 1.000 1.000 0.916 0.999 1.000 0.905 0.999 1.000 0.827 1.000 1.000 0.723 1.000 1.000
150 0.999 0.996 0.999 0.997 0.999 1.000 0.991 1.000 1.000 0.891 1.000 1.000 0.558 1.000 1.000
300 1.000 0.996 0.997 1.000 1.000 1.000 1.000 1.000 1.000 0.818 1.000 1.000 0.202 1.000 1.000

10 0.3 50 1.000 1.000 0.995 1.000 1.000 0.994 1.000 1.000 0.993 1.000 1.000 0.998 1.000 1.000 0.996
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000

0.5 50 1.000 1.000 0.997 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 0.998 0.998 1.000 0.997
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0.8 50 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.992 1.000 1.000 0.979 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000 0.981 1.000 1.000
300 1.000 0.999 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.907 1.000 1.000

1.0 50 0.993 1.000 1.000 0.995 1.000 1.000 0.995 1.000 1.000 0.983 1.000 1.000 0.951 1.000 1.000
150 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.989 1.000 1.000 0.913 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.992 1.000 1.000 0.716 1.000 1.000

1.5 50 0.978 1.000 1.000 0.973 1.000 1.000 0.967 1.000 1.000 0.915 1.000 1.000 0.834 1.000 1.000
150 1.000 0.999 1.000 0.999 1.000 1.000 0.997 1.000 1.000 0.946 1.000 1.000 0.701 1.000 1.000
300 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.894 1.000 1.000 0.345 1.000 1.000
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Table B.22: Case A. Empirical power with four structural breaks,  = �T�1=2 and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.016 0.172 0.131 0.012 0.164 0.123 0.010 0.170 0.127 0.004 0.132 0.094 0.001 0.100 0.062

150 0.003 0.085 0.069 0.000 0.073 0.050 0.001 0.050 0.035 0.000 0.029 0.016 0.000 0.038 0.018
300 0.000 0.057 0.046 0.000 0.035 0.027 0.000 0.025 0.019 0.000 0.022 0.013 0.000 0.034 0.017

0.5 50 0.042 0.193 0.146 0.027 0.164 0.131 0.024 0.173 0.122 0.006 0.115 0.085 0.001 0.085 0.059
150 0.027 0.092 0.077 0.011 0.056 0.041 0.001 0.037 0.032 0.000 0.030 0.019 0.000 0.040 0.022
300 0.042 0.061 0.061 0.000 0.023 0.015 0.000 0.024 0.020 0.000 0.022 0.013 0.000 0.034 0.016

0.8 50 0.022 0.154 0.118 0.015 0.158 0.123 0.013 0.148 0.103 0.002 0.112 0.080 0.000 0.092 0.064
150 0.039 0.066 0.073 0.012 0.043 0.037 0.003 0.035 0.028 0.000 0.030 0.019 0.000 0.040 0.023
300 0.053 0.049 0.058 0.001 0.022 0.014 0.000 0.024 0.020 0.000 0.022 0.013 0.000 0.034 0.017

1.0 50 0.006 0.150 0.114 0.004 0.146 0.114 0.007 0.140 0.100 0.000 0.112 0.083 0.000 0.093 0.064
150 0.041 0.054 0.057 0.012 0.043 0.038 0.001 0.035 0.027 0.000 0.030 0.019 0.000 0.040 0.023
300 0.073 0.042 0.071 0.001 0.022 0.015 0.000 0.024 0.020 0.000 0.022 0.014 0.000 0.034 0.017

1.5 50 0.001 0.146 0.104 0.001 0.140 0.106 0.001 0.140 0.100 0.000 0.112 0.082 0.000 0.094 0.065
150 0.012 0.039 0.033 0.001 0.043 0.034 0.000 0.035 0.027 0.000 0.030 0.019 0.000 0.040 0.023
300 0.022 0.034 0.036 0.000 0.022 0.015 0.000 0.024 0.020 0.000 0.022 0.014 0.000 0.034 0.017

5 0.3 50 0.026 0.180 0.136 0.022 0.184 0.132 0.024 0.202 0.144 0.013 0.162 0.118 0.003 0.124 0.092
150 0.003 0.080 0.063 0.001 0.079 0.055 0.001 0.055 0.040 0.000 0.034 0.018 0.000 0.060 0.034
300 0.001 0.061 0.049 0.000 0.036 0.029 0.000 0.025 0.019 0.000 0.023 0.014 0.000 0.039 0.025

0.5 50 0.050 0.196 0.150 0.039 0.185 0.150 0.029 0.179 0.129 0.012 0.141 0.112 0.006 0.127 0.096
150 0.027 0.090 0.082 0.010 0.058 0.044 0.001 0.038 0.030 0.000 0.036 0.021 0.000 0.059 0.036
300 0.043 0.062 0.064 0.001 0.022 0.015 0.000 0.023 0.018 0.000 0.023 0.015 0.000 0.039 0.025

0.8 50 0.032 0.156 0.131 0.018 0.180 0.137 0.017 0.167 0.133 0.002 0.133 0.108 0.000 0.129 0.098
150 0.045 0.068 0.073 0.015 0.048 0.039 0.003 0.036 0.028 0.000 0.036 0.023 0.000 0.059 0.037
300 0.054 0.049 0.060 0.001 0.021 0.013 0.000 0.023 0.018 0.000 0.023 0.015 0.000 0.039 0.025

1.0 50 0.014 0.155 0.113 0.005 0.163 0.123 0.005 0.156 0.122 0.000 0.133 0.108 0.000 0.129 0.098
150 0.048 0.052 0.058 0.013 0.047 0.039 0.001 0.036 0.027 0.000 0.036 0.023 0.000 0.059 0.038
300 0.073 0.042 0.068 0.001 0.021 0.015 0.000 0.023 0.018 0.000 0.023 0.015 0.000 0.039 0.025

1.5 50 0.003 0.143 0.107 0.001 0.155 0.120 0.001 0.159 0.123 0.000 0.133 0.108 0.000 0.130 0.099
150 0.012 0.049 0.036 0.000 0.047 0.037 0.000 0.036 0.027 0.000 0.036 0.023 0.000 0.059 0.038
300 0.021 0.034 0.036 0.000 0.021 0.014 0.000 0.023 0.018 0.000 0.023 0.015 0.000 0.039 0.025

10 0.3 50 0.059 0.255 0.208 0.060 0.253 0.197 0.056 0.298 0.226 0.036 0.268 0.216 0.019 0.230 0.179
150 0.003 0.084 0.064 0.002 0.090 0.070 0.002 0.062 0.042 0.000 0.053 0.036 0.000 0.087 0.059
300 0.002 0.062 0.046 0.000 0.037 0.026 0.000 0.026 0.018 0.000 0.035 0.021 0.000 0.064 0.042

0.5 50 0.092 0.207 0.172 0.062 0.216 0.181 0.055 0.200 0.168 0.029 0.208 0.159 0.016 0.204 0.158
150 0.034 0.094 0.086 0.015 0.064 0.044 0.001 0.039 0.029 0.000 0.054 0.034 0.000 0.089 0.057
300 0.041 0.061 0.063 0.003 0.024 0.016 0.000 0.026 0.016 0.000 0.035 0.019 0.000 0.064 0.042

0.8 50 0.067 0.174 0.138 0.049 0.191 0.160 0.041 0.178 0.149 0.013 0.199 0.155 0.004 0.203 0.163
150 0.051 0.069 0.077 0.015 0.055 0.044 0.002 0.035 0.026 0.000 0.055 0.034 0.000 0.089 0.057
300 0.054 0.048 0.058 0.001 0.023 0.016 0.000 0.026 0.015 0.000 0.035 0.021 0.000 0.064 0.042

1.0 50 0.039 0.176 0.141 0.019 0.184 0.149 0.019 0.174 0.140 0.005 0.199 0.155 0.000 0.203 0.162
150 0.050 0.057 0.063 0.013 0.053 0.040 0.002 0.035 0.026 0.000 0.055 0.035 0.000 0.089 0.057
300 0.075 0.041 0.063 0.001 0.023 0.016 0.000 0.026 0.015 0.000 0.035 0.021 0.000 0.064 0.042

1.5 50 0.008 0.155 0.128 0.002 0.177 0.143 0.003 0.175 0.141 0.000 0.199 0.156 0.000 0.203 0.165
150 0.015 0.058 0.045 0.000 0.053 0.039 0.000 0.035 0.026 0.000 0.055 0.036 0.000 0.089 0.057
300 0.024 0.035 0.035 0.000 0.023 0.015 0.000 0.026 0.015 0.000 0.035 0.021 0.000 0.064 0.042
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Table B.23: Case A. Empirical power with four structural breaks,  = � and w = 0:15

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.034 0.197 0.150 0.033 0.208 0.155 0.035 0.232 0.168 0.022 0.196 0.151 0.009 0.154 0.116

150 0.004 0.095 0.072 0.002 0.098 0.069 0.002 0.069 0.045 0.000 0.062 0.041 0.000 0.111 0.075
300 0.004 0.057 0.044 0.000 0.039 0.029 0.000 0.030 0.020 0.000 0.060 0.039 0.000 0.160 0.094

0.5 50 0.067 0.195 0.153 0.051 0.197 0.162 0.038 0.179 0.146 0.014 0.161 0.127 0.006 0.153 0.117
150 0.037 0.095 0.082 0.014 0.062 0.045 0.000 0.039 0.026 0.000 0.060 0.039 0.000 0.113 0.073
300 0.041 0.058 0.061 0.003 0.025 0.016 0.000 0.024 0.015 0.000 0.060 0.037 0.000 0.160 0.098

0.8 50 0.042 0.166 0.128 0.028 0.175 0.145 0.023 0.170 0.136 0.003 0.157 0.125 0.002 0.156 0.120
150 0.048 0.069 0.075 0.014 0.056 0.045 0.002 0.035 0.024 0.000 0.060 0.041 0.000 0.113 0.074
300 0.059 0.044 0.063 0.001 0.024 0.016 0.000 0.024 0.015 0.000 0.060 0.037 0.000 0.160 0.100

1.0 50 0.025 0.172 0.123 0.010 0.168 0.137 0.007 0.164 0.124 0.000 0.157 0.126 0.000 0.156 0.120
150 0.052 0.057 0.062 0.013 0.054 0.043 0.003 0.035 0.024 0.000 0.060 0.041 0.000 0.113 0.074
300 0.073 0.040 0.059 0.002 0.024 0.016 0.000 0.024 0.015 0.000 0.060 0.037 0.000 0.160 0.100

1.5 50 0.005 0.152 0.116 0.002 0.159 0.127 0.001 0.165 0.124 0.000 0.157 0.126 0.000 0.156 0.121
150 0.015 0.059 0.049 0.000 0.054 0.040 0.000 0.035 0.024 0.000 0.060 0.041 0.000 0.113 0.075
300 0.026 0.033 0.034 0.000 0.024 0.015 0.000 0.024 0.015 0.000 0.060 0.038 0.000 0.160 0.101

5 0.3 50 0.990 0.934 0.932 0.981 0.929 0.926 0.976 0.948 0.947 0.975 0.969 0.966 0.970 0.994 0.979
150 0.638 0.569 0.590 0.624 0.666 0.647 0.572 0.698 0.654 0.376 0.983 0.970 0.402 0.996 0.990
300 0.392 0.313 0.282 0.320 0.385 0.339 0.171 0.558 0.493 0.021 0.993 0.992 0.146 0.996 0.995

0.5 50 0.858 0.756 0.795 0.860 0.792 0.809 0.841 0.799 0.808 0.826 0.890 0.875 0.806 0.976 0.963
150 0.436 0.386 0.428 0.367 0.413 0.405 0.275 0.513 0.475 0.126 0.981 0.968 0.246 0.996 0.993
300 0.213 0.179 0.194 0.094 0.240 0.202 0.018 0.502 0.427 0.003 0.993 0.992 0.000 0.996 0.995

0.8 50 0.772 0.656 0.675 0.742 0.670 0.702 0.731 0.710 0.708 0.719 0.881 0.859 0.668 0.974 0.964
150 0.403 0.257 0.300 0.315 0.351 0.340 0.234 0.510 0.463 0.069 0.981 0.969 0.029 0.996 0.993
300 0.188 0.124 0.151 0.061 0.241 0.197 0.012 0.502 0.427 0.000 0.993 0.992 0.000 0.996 0.995

1.0 50 0.692 0.602 0.621 0.664 0.646 0.665 0.661 0.702 0.696 0.600 0.881 0.850 0.519 0.974 0.963
150 0.412 0.213 0.245 0.326 0.350 0.328 0.235 0.510 0.457 0.032 0.981 0.970 0.003 0.996 0.993
300 0.230 0.101 0.118 0.074 0.241 0.192 0.012 0.502 0.429 0.000 0.993 0.992 0.000 0.996 0.995

1.5 50 0.340 0.555 0.536 0.333 0.634 0.602 0.299 0.701 0.657 0.201 0.882 0.843 0.112 0.974 0.963
150 0.198 0.189 0.174 0.128 0.350 0.305 0.062 0.510 0.441 0.000 0.981 0.970 0.000 0.996 0.993
300 0.120 0.086 0.078 0.009 0.241 0.187 0.000 0.502 0.432 0.000 0.993 0.992 0.000 0.996 0.995

10 0.3 50 1.000 1.000 0.990 0.998 1.000 0.991 0.996 1.000 0.992 0.999 1.000 0.997 0.997 1.000 0.989
150 1.000 0.967 0.988 1.000 0.990 0.994 1.000 0.994 0.992 1.000 1.000 1.000 1.000 1.000 1.000
300 0.998 0.800 0.886 0.998 0.908 0.931 0.997 0.988 0.990 1.000 1.000 1.000 0.998 1.000 1.000

0.5 50 0.993 0.978 0.974 0.996 0.978 0.981 0.997 0.981 0.990 0.992 0.999 0.995 0.981 1.000 0.998
150 1.000 0.796 0.900 0.999 0.833 0.943 1.000 0.945 0.971 0.991 1.000 1.000 0.944 1.000 1.000
300 0.921 0.539 0.733 0.896 0.740 0.823 0.854 0.975 0.967 0.851 1.000 1.000 0.694 1.000 1.000

0.8 50 0.982 0.942 0.958 0.984 0.945 0.971 0.988 0.957 0.977 0.954 0.998 0.995 0.895 1.000 1.000
150 0.998 0.673 0.825 0.993 0.775 0.880 0.992 0.935 0.953 0.949 1.000 1.000 0.709 1.000 1.000
300 0.856 0.395 0.569 0.773 0.721 0.761 0.668 0.974 0.963 0.627 1.000 1.000 0.230 1.000 1.000

1.0 50 0.948 0.928 0.943 0.947 0.932 0.958 0.948 0.953 0.971 0.899 0.998 0.995 0.808 1.000 1.000
150 0.992 0.626 0.769 0.985 0.773 0.857 0.983 0.935 0.939 0.877 1.000 1.000 0.526 1.000 1.000
300 0.856 0.355 0.501 0.796 0.721 0.738 0.722 0.974 0.963 0.500 1.000 1.000 0.078 1.000 1.000

1.5 50 0.730 0.907 0.913 0.711 0.922 0.943 0.677 0.952 0.966 0.562 0.998 0.995 0.425 1.000 1.000
150 0.805 0.569 0.634 0.791 0.773 0.802 0.702 0.935 0.923 0.402 1.000 1.000 0.110 1.000 1.000
300 0.615 0.302 0.332 0.474 0.721 0.699 0.276 0.974 0.964 0.003 1.000 1.000 0.000 1.000 1.000
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Table B.24: Case A. Empirical power with four structural breaks,  = �T 1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 1.000 0.003 0.712 1.000 0.007 0.731 1.000 0.007 0.758 1.000 0.003 0.698 1.000 0.000 0.685

150 1.000 0.002 0.858 1.000 0.001 0.836 1.000 0.001 0.805 1.000 0.000 0.779 1.000 0.000 0.843
300 1.000 0.001 0.864 1.000 0.001 0.847 1.000 0.000 0.791 1.000 0.000 0.826 1.000 0.000 0.906

0.5 50 1.000 0.022 0.450 1.000 0.021 0.450 1.000 0.021 0.447 1.000 0.010 0.471 1.000 0.001 0.435
150 1.000 0.019 0.609 1.000 0.009 0.580 1.000 0.004 0.537 1.000 0.000 0.471 1.000 0.000 0.432
300 1.000 0.011 0.648 1.000 0.006 0.601 1.000 0.000 0.498 1.000 0.000 0.404 1.000 0.000 0.377

0.8 50 0.846 0.030 0.265 0.838 0.038 0.265 0.849 0.032 0.254 0.722 0.010 0.130 0.538 0.001 0.057
150 0.998 0.032 0.509 1.000 0.016 0.451 1.000 0.004 0.409 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.022 0.528 1.000 0.006 0.424 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

1.0 50 0.600 0.040 0.176 0.572 0.042 0.161 0.541 0.031 0.120 0.255 0.010 0.041 0.092 0.001 0.010
150 0.962 0.036 0.469 0.988 0.016 0.416 0.985 0.004 0.376 0.970 0.000 0.275 0.942 0.000 0.145
300 0.996 0.018 0.528 1.000 0.006 0.413 1.000 0.000 0.379 1.000 0.000 0.371 1.000 0.000 0.363

1.5 50 0.252 0.048 0.097 0.185 0.042 0.070 0.149 0.031 0.053 0.037 0.010 0.014 0.018 0.001 0.006
150 0.640 0.049 0.308 0.503 0.016 0.136 0.265 0.004 0.044 0.002 0.000 0.000 0.000 0.000 0.000
300 0.751 0.036 0.379 0.520 0.006 0.095 0.171 0.000 0.012 0.000 0.000 0.000 0.000 0.000 0.000

5 0.3 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.357 1.000 0.000 0.401 1.000 0.000 0.397 1.000 0.000 0.414 1.000 0.000 0.410
300 1.000 0.000 0.387 1.000 0.000 0.405 1.000 0.000 0.379 1.000 0.000 0.374 1.000 0.000 0.368

0.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.398 1.000 0.000 0.400 1.000 0.000 0.400 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.000 0.382 1.000 0.000 0.398 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

0.8 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.105 1.000 0.000 0.109 1.000 0.000 0.114 1.000 0.000 0.106 1.000 0.000 0.099
300 1.000 0.000 0.384 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

1.0 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
300 1.000 0.000 0.396 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

1.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
300 1.000 0.000 0.396 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

10 0.3 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.357 1.000 0.000 0.401 1.000 0.000 0.397 1.000 0.000 0.414 1.000 0.000 0.410
300 1.000 0.000 0.387 1.000 0.000 0.405 1.000 0.000 0.379 1.000 0.000 0.374 1.000 0.000 0.368

0.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.398 1.000 0.000 0.400 1.000 0.000 0.400 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.000 0.382 1.000 0.000 0.398 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

0.8 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.388 1.000 0.000 0.402 1.000 0.000 0.396 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.000 0.384 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

1.0 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.372 1.000 0.000 0.402 1.000 0.000 0.396 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.000 0.396 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368

1.5 50 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000 1.000 0.000 0.000
150 1.000 0.000 0.373 1.000 0.000 0.402 1.000 0.000 0.396 1.000 0.000 0.413 1.000 0.000 0.407
300 1.000 0.000 0.396 1.000 0.000 0.397 1.000 0.000 0.380 1.000 0.000 0.374 1.000 0.000 0.368
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Table B.25: Case A. Empirical power with four structural breaks,  = �T�1=2 and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.001 0.141 0.108 0.000 0.148 0.106 0.000 0.152 0.123 0.000 0.108 0.075 0.000 0.073 0.047

150 0.000 0.092 0.074 0.000 0.092 0.070 0.001 0.060 0.041 0.000 0.020 0.011 0.000 0.037 0.022
300 0.000 0.075 0.055 0.000 0.076 0.052 0.000 0.031 0.021 0.000 0.024 0.009 0.000 0.032 0.014

0.5 50 0.028 0.238 0.198 0.010 0.206 0.160 0.008 0.198 0.158 0.000 0.088 0.063 0.000 0.077 0.049
150 0.013 0.136 0.105 0.003 0.076 0.055 0.000 0.044 0.031 0.000 0.017 0.010 0.000 0.036 0.021
300 0.022 0.116 0.090 0.000 0.042 0.028 0.000 0.027 0.016 0.000 0.024 0.009 0.000 0.032 0.015

0.8 50 0.032 0.182 0.167 0.018 0.165 0.136 0.009 0.155 0.116 0.000 0.087 0.064 0.000 0.080 0.051
150 0.040 0.123 0.111 0.004 0.063 0.045 0.000 0.039 0.027 0.000 0.017 0.011 0.000 0.036 0.021
300 0.035 0.086 0.081 0.000 0.043 0.029 0.000 0.027 0.016 0.000 0.024 0.009 0.000 0.032 0.015

1.0 50 0.019 0.201 0.165 0.010 0.165 0.135 0.003 0.148 0.112 0.000 0.087 0.065 0.000 0.080 0.052
150 0.041 0.119 0.114 0.002 0.063 0.044 0.000 0.039 0.027 0.000 0.017 0.011 0.000 0.036 0.021
300 0.052 0.088 0.092 0.000 0.043 0.029 0.000 0.027 0.016 0.000 0.024 0.010 0.000 0.032 0.015

1.5 50 0.006 0.177 0.148 0.002 0.153 0.121 0.001 0.149 0.110 0.000 0.087 0.066 0.000 0.081 0.053
150 0.024 0.104 0.091 0.000 0.063 0.043 0.000 0.039 0.027 0.000 0.017 0.011 0.000 0.036 0.021
300 0.029 0.080 0.079 0.000 0.043 0.029 0.000 0.027 0.016 0.000 0.024 0.010 0.000 0.032 0.015

5 0.3 50 0.006 0.189 0.152 0.005 0.198 0.155 0.001 0.221 0.175 0.001 0.178 0.134 0.001 0.161 0.125
150 0.000 0.102 0.080 0.000 0.090 0.077 0.001 0.071 0.047 0.000 0.048 0.027 0.000 0.088 0.054
300 0.000 0.074 0.058 0.000 0.072 0.056 0.000 0.033 0.024 0.000 0.040 0.015 0.000 0.076 0.037

0.5 50 0.035 0.216 0.182 0.015 0.210 0.168 0.014 0.207 0.163 0.001 0.151 0.111 0.000 0.143 0.107
150 0.018 0.128 0.111 0.004 0.081 0.061 0.000 0.055 0.040 0.000 0.046 0.023 0.000 0.086 0.055
300 0.025 0.119 0.094 0.000 0.045 0.027 0.000 0.030 0.019 0.000 0.040 0.014 0.000 0.076 0.037

0.8 50 0.038 0.197 0.166 0.024 0.183 0.147 0.014 0.170 0.138 0.000 0.144 0.113 0.000 0.146 0.112
150 0.040 0.114 0.110 0.003 0.067 0.057 0.000 0.045 0.034 0.000 0.046 0.023 0.000 0.086 0.055
300 0.038 0.088 0.084 0.000 0.046 0.028 0.000 0.029 0.018 0.000 0.040 0.015 0.000 0.076 0.038

1.0 50 0.030 0.196 0.162 0.021 0.182 0.142 0.009 0.164 0.132 0.000 0.145 0.115 0.000 0.146 0.112
150 0.045 0.115 0.116 0.001 0.067 0.057 0.000 0.045 0.034 0.000 0.046 0.024 0.000 0.086 0.055
300 0.054 0.095 0.087 0.000 0.046 0.029 0.000 0.029 0.018 0.000 0.040 0.015 0.000 0.076 0.038

1.5 50 0.009 0.193 0.160 0.003 0.169 0.135 0.002 0.164 0.132 0.000 0.145 0.115 0.000 0.147 0.112
150 0.022 0.101 0.094 0.000 0.067 0.056 0.000 0.045 0.034 0.000 0.046 0.024 0.000 0.086 0.055
300 0.028 0.083 0.078 0.000 0.046 0.029 0.000 0.029 0.020 0.000 0.040 0.016 0.000 0.077 0.038

10 0.3 50 0.022 0.218 0.180 0.022 0.230 0.178 0.016 0.265 0.215 0.008 0.230 0.183 0.004 0.200 0.153
150 0.000 0.107 0.088 0.000 0.116 0.083 0.001 0.095 0.069 0.000 0.092 0.064 0.000 0.154 0.100
300 0.000 0.080 0.053 0.000 0.070 0.054 0.000 0.044 0.032 0.000 0.077 0.041 0.000 0.209 0.126

0.5 50 0.054 0.227 0.186 0.038 0.224 0.193 0.028 0.230 0.172 0.008 0.211 0.162 0.000 0.186 0.140
150 0.034 0.130 0.114 0.008 0.088 0.066 0.000 0.071 0.049 0.000 0.094 0.062 0.000 0.151 0.098
300 0.028 0.117 0.096 0.000 0.043 0.031 0.000 0.040 0.028 0.000 0.076 0.040 0.000 0.209 0.127

0.8 50 0.053 0.194 0.160 0.044 0.197 0.162 0.032 0.210 0.175 0.001 0.202 0.153 0.000 0.185 0.141
150 0.048 0.115 0.113 0.002 0.070 0.056 0.000 0.064 0.041 0.000 0.094 0.063 0.000 0.151 0.101
300 0.039 0.090 0.080 0.000 0.045 0.032 0.000 0.040 0.027 0.000 0.076 0.042 0.000 0.209 0.127

1.0 50 0.049 0.192 0.152 0.041 0.191 0.155 0.020 0.208 0.169 0.000 0.202 0.154 0.000 0.185 0.142
150 0.052 0.115 0.110 0.002 0.070 0.056 0.000 0.064 0.041 0.000 0.094 0.064 0.000 0.151 0.101
300 0.051 0.089 0.090 0.000 0.045 0.032 0.000 0.040 0.028 0.000 0.076 0.042 0.000 0.209 0.127

1.5 50 0.016 0.183 0.144 0.008 0.184 0.146 0.003 0.207 0.166 0.000 0.203 0.154 0.000 0.185 0.142
150 0.024 0.105 0.092 0.001 0.070 0.055 0.000 0.064 0.041 0.000 0.094 0.064 0.000 0.152 0.101
300 0.027 0.080 0.077 0.000 0.045 0.032 0.000 0.040 0.028 0.000 0.076 0.042 0.000 0.209 0.129
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Table B.26: Case A. Empirical power with four structural breaks,  = � and w = 0:3

� = 1 � = 0:95 � = 0:9 � = 0:7 � = 0:5
� �c T S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
1 0.3 50 0.015 0.221 0.173 0.011 0.224 0.178 0.005 0.251 0.203 0.005 0.217 0.173 0.002 0.190 0.144

150 0.000 0.112 0.093 0.000 0.119 0.100 0.001 0.106 0.077 0.000 0.099 0.070 0.000 0.181 0.120
300 0.000 0.079 0.063 0.000 0.082 0.064 0.000 0.056 0.040 0.000 0.144 0.085 0.000 0.375 0.241

0.5 50 0.046 0.223 0.184 0.016 0.230 0.188 0.016 0.220 0.174 0.003 0.196 0.153 0.000 0.172 0.132
150 0.036 0.128 0.116 0.009 0.095 0.070 0.000 0.074 0.059 0.000 0.104 0.074 0.000 0.180 0.122
300 0.030 0.106 0.095 0.000 0.050 0.037 0.000 0.049 0.033 0.000 0.145 0.081 0.000 0.375 0.242

0.8 50 0.047 0.192 0.164 0.036 0.202 0.160 0.024 0.199 0.155 0.001 0.183 0.143 0.000 0.176 0.138
150 0.052 0.120 0.119 0.002 0.079 0.062 0.000 0.069 0.053 0.000 0.104 0.074 0.000 0.180 0.122
300 0.043 0.084 0.079 0.000 0.049 0.036 0.000 0.049 0.032 0.000 0.145 0.081 0.000 0.375 0.245

1.0 50 0.044 0.186 0.163 0.030 0.192 0.158 0.015 0.193 0.147 0.000 0.183 0.147 0.000 0.175 0.138
150 0.056 0.113 0.115 0.002 0.079 0.062 0.000 0.069 0.053 0.000 0.104 0.075 0.000 0.180 0.122
300 0.051 0.089 0.089 0.000 0.049 0.036 0.000 0.049 0.033 0.000 0.145 0.081 0.000 0.375 0.246

1.5 50 0.011 0.191 0.158 0.004 0.186 0.150 0.002 0.192 0.146 0.000 0.183 0.147 0.000 0.175 0.139
150 0.025 0.105 0.093 0.001 0.079 0.061 0.000 0.069 0.053 0.000 0.104 0.075 0.000 0.180 0.123
300 0.028 0.081 0.071 0.000 0.049 0.036 0.000 0.049 0.033 0.000 0.145 0.084 0.000 0.375 0.247

5 0.3 50 0.999 0.027 0.436 0.996 0.026 0.428 0.996 0.029 0.403 0.997 0.019 0.435 0.997 0.009 0.419
150 0.809 0.103 0.316 0.753 0.107 0.335 0.749 0.087 0.295 0.322 0.043 0.075 0.050 0.033 0.019
300 0.531 0.143 0.241 0.437 0.172 0.214 0.179 0.123 0.117 0.000 0.120 0.078 0.000 0.093 0.066

0.5 50 0.702 0.071 0.239 0.656 0.078 0.205 0.683 0.085 0.214 0.535 0.048 0.120 0.287 0.020 0.053
150 0.434 0.147 0.227 0.324 0.126 0.182 0.155 0.108 0.115 0.000 0.045 0.025 0.000 0.033 0.014
300 0.278 0.138 0.181 0.045 0.164 0.129 0.000 0.120 0.093 0.000 0.120 0.076 0.000 0.093 0.066

0.8 50 0.302 0.093 0.149 0.269 0.109 0.126 0.232 0.106 0.107 0.074 0.051 0.035 0.024 0.021 0.020
150 0.216 0.116 0.162 0.100 0.136 0.120 0.009 0.107 0.085 0.000 0.045 0.023 0.000 0.033 0.014
300 0.141 0.101 0.118 0.001 0.161 0.121 0.000 0.120 0.090 0.000 0.120 0.074 0.000 0.093 0.065

1.0 50 0.222 0.101 0.135 0.177 0.114 0.119 0.160 0.110 0.098 0.051 0.051 0.033 0.020 0.021 0.017
150 0.184 0.121 0.147 0.068 0.136 0.111 0.005 0.107 0.085 0.000 0.045 0.024 0.000 0.033 0.015
300 0.123 0.093 0.112 0.000 0.161 0.120 0.000 0.120 0.090 0.000 0.120 0.075 0.000 0.093 0.065

1.5 50 0.178 0.107 0.115 0.138 0.117 0.113 0.107 0.109 0.084 0.029 0.051 0.029 0.003 0.021 0.012
150 0.167 0.114 0.128 0.041 0.136 0.110 0.002 0.107 0.089 0.000 0.045 0.025 0.000 0.033 0.015
300 0.096 0.079 0.078 0.000 0.161 0.121 0.000 0.120 0.091 0.000 0.120 0.076 0.000 0.093 0.066

10 0.3 50 1.000 0.000 0.010 1.000 0.000 0.009 1.000 0.000 0.007 1.000 0.000 0.012 1.000 0.000 0.016
150 1.000 0.009 0.755 1.000 0.008 0.773 1.000 0.002 0.788 1.000 0.001 0.770 1.000 0.000 0.682
300 1.000 0.038 0.417 1.000 0.036 0.436 1.000 0.016 0.407 1.000 0.000 0.375 1.000 0.000 0.368

0.5 50 1.000 0.003 0.687 1.000 0.001 0.671 1.000 0.001 0.657 1.000 0.001 0.604 1.000 0.000 0.614
150 1.000 0.045 0.482 1.000 0.024 0.443 1.000 0.013 0.420 1.000 0.001 0.414 1.000 0.000 0.407
300 0.938 0.067 0.413 0.922 0.051 0.368 0.836 0.020 0.250 0.295 0.000 0.021 0.038 0.000 0.000

0.8 50 1.000 0.004 0.525 1.000 0.003 0.535 1.000 0.004 0.557 1.000 0.001 0.520 1.000 0.000 0.494
150 0.903 0.052 0.423 0.926 0.036 0.363 0.885 0.011 0.292 0.496 0.001 0.054 0.164 0.000 0.003
300 0.540 0.068 0.254 0.189 0.051 0.061 0.014 0.020 0.011 0.000 0.000 0.000 0.000 0.000 0.000

1.0 50 1.000 0.005 0.395 0.999 0.005 0.396 1.000 0.004 0.412 1.000 0.001 0.402 1.000 0.000 0.394
150 0.723 0.064 0.347 0.643 0.035 0.214 0.421 0.011 0.092 0.012 0.001 0.001 0.000 0.000 0.000
300 0.369 0.077 0.188 0.046 0.051 0.040 0.000 0.020 0.009 0.000 0.000 0.000 0.000 0.000 0.000

1.5 50 0.797 0.010 0.211 0.831 0.006 0.218 0.824 0.004 0.180 0.682 0.001 0.068 0.477 0.000 0.017
150 0.388 0.077 0.210 0.196 0.035 0.065 0.051 0.011 0.011 0.000 0.001 0.001 0.000 0.000 0.000
300 0.272 0.072 0.151 0.010 0.051 0.037 0.000 0.020 0.010 0.000 0.000 0.000 0.000 0.000 0.000
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Table B.27: Case B. Empirical size, � = 0:5, known c

w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
(c1; c2) T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
(0:3; 0:5) 50 1 0.049 0.224 0.187 0.045 0.225 0.181 0.044 0.209 0.173 0.051 0.205 0.168 0.058 0.245 0.186

0.95 0.038 0.233 0.184 0.045 0.198 0.160 0.040 0.180 0.141 0.039 0.176 0.134 0.040 0.208 0.166
0.9 0.034 0.222 0.179 0.028 0.188 0.144 0.026 0.184 0.124 0.026 0.173 0.119 0.032 0.193 0.159
0.7 0.012 0.172 0.135 0.009 0.129 0.093 0.007 0.102 0.075 0.010 0.098 0.063 0.010 0.102 0.069
0.5 0.004 0.155 0.104 0.003 0.099 0.067 0.004 0.077 0.053 0.003 0.070 0.041 0.003 0.070 0.045

150 1 0.060 0.101 0.093 0.053 0.092 0.092 0.049 0.109 0.097 0.051 0.142 0.122 0.052 0.160 0.152
0.95 0.013 0.074 0.058 0.019 0.055 0.049 0.025 0.067 0.055 0.024 0.068 0.065 0.021 0.086 0.069
0.9 0.000 0.046 0.032 0.002 0.030 0.021 0.003 0.038 0.028 0.004 0.059 0.041 0.002 0.057 0.037
0.7 0.000 0.028 0.017 0.000 0.017 0.007 0.000 0.020 0.012 0.000 0.028 0.016 0.000 0.021 0.007
0.5 0.000 0.036 0.019 0.000 0.025 0.011 0.000 0.027 0.010 0.000 0.036 0.017 0.000 0.039 0.018

300 1 0.048 0.057 0.064 0.052 0.082 0.091 0.060 0.087 0.101 0.054 0.131 0.129 0.050 0.155 0.150
0.95 0.000 0.023 0.011 0.001 0.029 0.023 0.001 0.039 0.028 0.001 0.048 0.032 0.001 0.051 0.035
0.9 0.000 0.017 0.007 0.000 0.022 0.017 0.000 0.026 0.021 0.000 0.035 0.021 0.000 0.029 0.017
0.7 0.000 0.015 0.007 0.000 0.021 0.015 0.000 0.023 0.009 0.000 0.019 0.009 0.000 0.020 0.008
0.5 0.000 0.020 0.007 0.000 0.033 0.018 0.000 0.032 0.013 0.000 0.031 0.010 0.000 0.028 0.010

(0:5; 1) 50 1 0.035 0.281 0.224 0.041 0.262 0.219 0.042 0.230 0.190 0.046 0.233 0.187 0.052 0.281 0.232
0.95 0.012 0.201 0.149 0.011 0.194 0.140 0.017 0.180 0.132 0.015 0.161 0.118 0.016 0.214 0.154
0.9 0.001 0.178 0.134 0.001 0.151 0.098 0.001 0.142 0.101 0.003 0.120 0.087 0.005 0.168 0.120
0.7 0.000 0.183 0.137 0.000 0.118 0.079 0.000 0.102 0.071 0.000 0.086 0.060 0.000 0.093 0.057
0.5 0.000 0.153 0.111 0.000 0.089 0.055 0.000 0.083 0.050 0.000 0.064 0.041 0.000 0.071 0.045

150 1 0.049 0.176 0.159 0.047 0.148 0.132 0.042 0.162 0.134 0.043 0.201 0.176 0.042 0.232 0.206
0.95 0.000 0.049 0.031 0.000 0.034 0.022 0.000 0.062 0.038 0.000 0.057 0.045 0.000 0.076 0.049
0.9 0.000 0.046 0.029 0.000 0.034 0.025 0.000 0.035 0.027 0.000 0.041 0.029 0.000 0.044 0.033
0.7 0.000 0.025 0.014 0.000 0.022 0.009 0.000 0.025 0.014 0.000 0.029 0.016 0.000 0.020 0.005
0.5 0.000 0.037 0.019 0.000 0.026 0.010 0.000 0.030 0.012 0.000 0.035 0.017 0.000 0.039 0.016

300 1 0.053 0.129 0.116 0.051 0.167 0.140 0.050 0.137 0.126 0.052 0.184 0.171 0.047 0.197 0.172
0.95 0.000 0.013 0.009 0.000 0.025 0.015 0.000 0.027 0.016 0.000 0.049 0.028 0.000 0.039 0.025
0.9 0.000 0.016 0.009 0.000 0.023 0.017 0.000 0.025 0.018 0.000 0.033 0.019 0.000 0.029 0.014
0.7 0.000 0.015 0.006 0.000 0.021 0.012 0.000 0.023 0.008 0.000 0.019 0.009 0.000 0.020 0.006
0.5 0.000 0.021 0.007 0.000 0.033 0.014 0.000 0.032 0.011 0.000 0.031 0.010 0.000 0.028 0.009
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Table B.28: Case B. Empirical size of the modi�ed statistics, � = 0:5, known c

w = 0:10 w = 0:15 w = 0:20 w = 0:25 w = 0:30
(c1; c2) T � S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU S1 S0 SU
(0:3; 0:5) 50 1 0.058 0.163 0.124 0.051 0.172 0.131 0.046 0.158 0.130 0.059 0.161 0.136 0.061 0.176 0.140

0.95 0.038 0.154 0.121 0.048 0.152 0.121 0.045 0.142 0.110 0.046 0.123 0.105 0.047 0.140 0.116
0.9 0.030 0.153 0.116 0.031 0.156 0.115 0.033 0.143 0.093 0.032 0.125 0.092 0.036 0.140 0.118
0.7 0.015 0.118 0.082 0.010 0.105 0.068 0.009 0.088 0.068 0.015 0.082 0.055 0.014 0.087 0.060
0.5 0.005 0.092 0.072 0.005 0.074 0.050 0.006 0.064 0.044 0.003 0.061 0.035 0.003 0.058 0.041

150 1 0.056 0.085 0.081 0.057 0.069 0.074 0.056 0.079 0.072 0.057 0.087 0.087 0.052 0.098 0.098
0.95 0.017 0.073 0.056 0.025 0.050 0.048 0.030 0.065 0.061 0.024 0.065 0.062 0.021 0.078 0.064
0.9 0.002 0.041 0.025 0.005 0.028 0.021 0.002 0.036 0.027 0.003 0.053 0.037 0.002 0.050 0.033
0.7 0.000 0.027 0.012 0.000 0.016 0.006 0.000 0.020 0.011 0.000 0.028 0.016 0.000 0.022 0.008
0.5 0.000 0.032 0.018 0.000 0.024 0.011 0.000 0.022 0.013 0.000 0.034 0.019 0.000 0.039 0.016

300 1 0.044 0.042 0.048 0.047 0.061 0.071 0.056 0.059 0.074 0.053 0.091 0.093 0.047 0.099 0.104
0.95 0.000 0.020 0.010 0.001 0.024 0.020 0.002 0.037 0.026 0.001 0.046 0.031 0.001 0.045 0.031
0.9 0.000 0.013 0.003 0.000 0.020 0.014 0.000 0.025 0.019 0.000 0.029 0.019 0.000 0.029 0.015
0.7 0.000 0.014 0.005 0.000 0.021 0.012 0.000 0.022 0.010 0.000 0.024 0.009 0.000 0.022 0.008
0.5 0.000 0.017 0.005 0.000 0.033 0.016 0.000 0.031 0.015 0.000 0.032 0.011 0.000 0.022 0.006

(0:5; 1) 50 1 0.041 0.133 0.105 0.050 0.147 0.115 0.046 0.123 0.101 0.048 0.118 0.100 0.041 0.145 0.135
0.95 0.019 0.135 0.102 0.023 0.144 0.113 0.031 0.132 0.106 0.034 0.121 0.090 0.034 0.141 0.111
0.9 0.011 0.125 0.088 0.014 0.127 0.077 0.023 0.127 0.090 0.023 0.103 0.076 0.023 0.133 0.098
0.7 0.007 0.122 0.078 0.008 0.098 0.065 0.006 0.088 0.063 0.007 0.073 0.059 0.004 0.079 0.052
0.5 0.000 0.095 0.073 0.001 0.066 0.042 0.003 0.070 0.046 0.002 0.062 0.043 0.002 0.061 0.046

150 1 0.050 0.103 0.086 0.054 0.077 0.083 0.058 0.077 0.084 0.051 0.090 0.098 0.050 0.104 0.105
0.95 0.000 0.049 0.021 0.000 0.037 0.024 0.009 0.055 0.036 0.008 0.052 0.041 0.006 0.066 0.045
0.9 0.000 0.043 0.023 0.001 0.028 0.025 0.000 0.034 0.026 0.000 0.036 0.027 0.000 0.040 0.026
0.7 0.000 0.024 0.010 0.000 0.020 0.009 0.000 0.022 0.013 0.000 0.027 0.013 0.000 0.022 0.007
0.5 0.000 0.033 0.017 0.000 0.025 0.010 0.000 0.024 0.013 0.000 0.035 0.018 0.000 0.039 0.015

300 1 0.032 0.043 0.043 0.035 0.068 0.059 0.035 0.062 0.075 0.040 0.081 0.082 0.048 0.088 0.089
0.95 0.000 0.013 0.009 0.000 0.023 0.013 0.000 0.025 0.017 0.000 0.043 0.030 0.000 0.039 0.023
0.9 0.000 0.013 0.007 0.000 0.020 0.013 0.000 0.024 0.017 0.000 0.028 0.018 0.000 0.029 0.012
0.7 0.000 0.014 0.005 0.000 0.021 0.010 0.000 0.022 0.009 0.000 0.024 0.007 0.000 0.022 0.007
0.5 0.000 0.018 0.005 0.000 0.033 0.014 0.000 0.031 0.014 0.000 0.032 0.009 0.000 0.022 0.006
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